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ABSTRACT 
There is no difference of opinion that water is an essential commodity 
for all the living beings on this planet. To make earth green water becomes 
all the more essential for non-living i.e. soil too. The logic in the nemesis 
of a frozen icy-continent as greenland looks strange but it is true that it is 
the water only which can generate a green environment on the earth. In 
modern times water quality vis-a-vis human health has gained importance 
as the 80% diseases are simply water borne. In the days to come water quality 
will gain top priority and will be a controlling factor in making many more 
decisions. This will be so because a detailed physical, chemical, 
bacteriological and radionuclide studies of water and their impact on human 
health will have more preference of the quality of water than its quantity. 
India's total dynamic water resources is estimated as 113 mham of 
which 46 mham is groundwater and rest is surface water. A large part of 
surface water goes as a waste into the sea as at present we have no provision 
to contain it. The largest groundwater repository in India is the Ganga basin 
where top aquifers in the entire basin is beset with a declining trend as 
withdrawal is much more than the annual recharge in the present scenario 
the only option left is to investigate the deeper aquifers to meet the future 
needs of food and fibre of a billion mark population with the limited resource 
of land and water. As regards, the Ganga basin a generalized information 
regarding groundwater resource is there but no serious attempt has been 
made till date to delineate the regional aquifer systems of the Ganga basin 
down to the depth of bed rock. Whatever, information about the deeper 
aquifers is available, mainly due to the contribution of Oil and Natural Gas 
Corporation (ONGC) in the wake of search for petroleum in the Ganga basin. 
It is to emphasise that a detailed information even of a small area is lacking. 
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in this backdrop, the present study is an attempt to fill this gap in a humble 
way in parts of the Central Ganga Basin. 
The study area lies between the latitude 27°50' to 27°58' N and longitude 
78°00' to 78°15' E which falls under the survey of India (SOI) toposheet 
number 541/1 on 1:50,000 scale. It is apart of of the Central Ganga-Yamuna 
interfluves which spreads over an area of 36700 ha. Physiographically, it is 
divisible into three distinct zones; Eastern upland. Central depression and 
Western upland and is drained by the river kali and Sengar which flow due 
south. The basic framework of the soil development in the area is constrained 
by lithological deposition of the geologic formation, physical features and 
landscape pattern. Besides, the disposition of the groundwater in the aquifer 
system has controlled the soil profile and in some areas water logging has 
contributed to soil degradation. As regards the soil types they are loam to 
sandy loam, loam to clayey loam and sand to sandy loam. Irrigation facilities 
both through tubewells and canals are available. Application of the remote 
sensing techniques have helped in delineating various land form features. 
The study area lies in the sub-tropical climatic zone of India and 
experiences a very hot summer (46°C) and very cold winter (4°C). The 
summer season starts by mid March and last by late June when the monsoon 
sets in. July and August are the months of heavy rainfall. The average annual 
rainfall is 683.33 mm, the standard deviation of rainfall is 247.41 mm and 
the coefficient of variation is 36.206%. As per the drought analysis for a 
period spanning over 99 years rainfall data i.e. 1901-1999, the frequency 
of occurrences of the mild drought is 31.31%, the normal drought 21.21%, 
and the severe drought is 4.04%. 
Geologically, Bundelkhand Granite forms the Basement Complex, 
which is unconformably overlain by the Lower Bhandar limestone and 
sandstone and further up is followed by the Upper Bhandar shale and 
sandstone of Upper Proterozoic age and is finally overlain by Quaternary 
alluvium. The exploratory drilling operations by the Central Groundwater 
Board in Aligarh district encountered the bed rock at varying depths. The 
well drilled at Railway club compound close to Aligarh railway station, 
encountered Upper Bhandar red shale at a depth of 340 m b.g.l. Besides, in 
an exploratory well drilled by CGWB, the Upper Bhandar sandstone which 
overlies the red shale was encountered at Saleempur, 20 km of souih-west 
of Aligarh city at a depth of 286.36 m b.g.l. Moreover, the same red shale 
was touched at Hathras 35 km south of Aligarh city at a depth of 356 m 
b.g.l. Further in an exploratory drilling at Kasganj by ONGC on the right 
bank of the Ganga, encountered the Lower Bhandar limestone and 
Bundelkhand Granite at a depth of 620 m b.g.l. and 2061.0 m b.g.l. 
respectively, which very well establishes the stratigraphic sequence from 
the Basement to the Quaternary alluvium. 
A perusal of the fence diagram and various hydrogeological cross-
sections show that there occurs a single aquifer system in the area down to 
a depth of 166.0 m b.g.l. which is observed at places interleaved with 
moderately thick to thin clay beds which imparts it a two tier aquifer system. 
These aquifers are laterally and vertically extensive wherein the clay beds 
usually pinch out laterally. 
A perusal of grain size analyses data of the aquifer materials collected 
from the different drilling sites which depic*^  the following. 
(1) The effective grain size (d^ )^ of the aquifer materials range between 
0.652 to 0.124 mm which indicates that the sand size range between 
O 
medium to fine. 
(2) The uniformity coefficient values of aquifer materials range between 
1.54 to 2.15 which shows that with the exception, the porosity is 
generally high. 
(3) The hydraulic conductivity of the aquifer materials range between 
21.6 to 79.4 m/day. 
Besides, the sediments from kali river bed were collected and 
mechanically analysed which shows that the effectie grain size values range 
between 0.07 to 0.096 mm, uniformity coefficient values range between 
1.48 to 2.0 and hydraulic conductivity values range between 25.06 to 41.47 
m per day. 
Further, a network of 167 observation wells were established and 
the relevant hydrogeological data were collected. Water level 
measured in the observation wells, are presented as pre and post-
monsoon depth to water level maps, water level fluctuation map, pre 
and post-monsoon water table contour maps, piezometric surface map 
and hydrographs of the permanent observation wells in the area. A 
perusal of the pre and post-monsoon depth to water level maps show 
that the water level range from 2.30 to 17.8 m b.g.l. and 1.6 to 16.7 
m b.g.l. respectively. The water level fluctuation in the area varies 
from 0.1 to 1.9 meter. The water table contour maps show that the 
elevation of water table ranges from 173.0 m a.m.s.l. in the north-
west to 168.0 m a.m.s.l. in the south-east respectively which indicate 
a regional groundwater flow from north-west to south-east direction. 
Piezometric surface level map shows a similar pattern to that of water 
table contour map which indicates the same source of recharge and 
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interconnected nature of the deep aquifers. Hydrographs of permanent 
observation well networks indicate that the water level variation is 
cyclic in nature. 
The transmissivity values in the area, calculated from state tubewells 
borehole data range between 250.97 to 2515.03 mVday, the permeability 
values range between 12.10 to 114.06 m/day, the specific capacity index 
values range between 9.92 to 93.49 m/day and the specific capacity values 
range between 205.71 to 2061.5 mVday. The pumping test and data analysis 
conducted in the area shows the transmissivity values as 810.98 mVday and 
hydraulic conductivity as 28.92 m/day. 
The groundwater resource evaluation studies show that the net annual 
recharge is 9337.70 ham while the net annual draft is 7160.37 ham leaving 
a balance of 2177.33 ham for future development. As per the National Bank 
of Agriculture and Rural Development's (NABARD's) norm the area falls 
under the grey or semi-critical category. 
Finally it is recognised that the quality of groundwater is equally 
important as its quantity. The quality of groundwater in the study area belongs 
to an Alkali-Bicarbonate Type and is suitable for drinking, irrigation and 
industrial purposes. ,'^'^3n^^^^^d°T^*\ 
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INTRODUCTION 
Water is an indispensable prerequisite for the inception, evolution and 
sustenance of life on the earth. It is vitally important resource for man even 
today. After the oceans, the groundwater probably represents the largest 
store of fresh water on earth. 
Over ninety percent of liquid fresh water available at any given moment 
lies beneath the land surface, which the human races through the ages have 
striven to locate and develop it. With the growing human population and 
ever increasing demand of fresh water for various purposes, pressure has 
been mounting on this renewable but limited resource. 
Groundwater provides reliable and sustained water supply. About eighty 
percent of rural water supply and a sizeable part of urban and industrial 
water supply in the country are groundwater based. The contribution of 
groundwater to irrigation is fifty four percent in terms of area. For the 
judicious development and management of this important natural resource, 
a deep study is required about the mode of occurrence, movement and 
behaviour of groundwater in space and time. In India there are areas where 
groundwater development has reached critical stages and adverse effects 
are imminent. The role of groundwater to meet water supply requirement 
for domestic rural, urban, industrial and irrigation needs no emphasis. 
The continued vision free planning of water resources is likely to have 
serious implications in terms of food security, socio-economic stagnation 
and irreparable damage to the ecosystem. By the year 2025, as much as two 
third of world's population could be living in the areas facing water stress 
condition (Pierre, Najlis, 1998). 
India's total dynamic water resources is estimated as 113 million 
hectare meter of which groundwater resource forms 46 million ham (Pathak, 
1985). Out of the total irrigated area of the country, 54% is irrigated by 
groundwater and rest by surface water. Besides, groundwater is meeting 
municipal, livestock and industrial demands, this shows that demand is ever 
increasing. Hence, a speedy development of groundwater is required for 
over all growth and for stabilizing agriculture production. 
The Ganga basin, which has the highly potential zones, for the 
groundwater developmental activities but unfortunately the pace and 
optimum utilization for the water resources have not been satisfying, and 
not enough attention has been paid to explore and evaluate the groundwater 
potential till date except the top aquifer. More than 95 percent of dug wells 
all over the Ganga basin have gone dry due to the rapidly falling water level 
of the top aquifers. The only exception to this, are the canal command areas 
where the excessive seepage through the unlined canal beds has given rise 
to water logging conditions. The present scenario is that of declining water 
table on one hand and water logging condition on the other, which require 
recharge of the depleting aquifer and lining of the canal networks. 
The Ganga basin, which extends from the Delhi-Hardwar ridge in the 
west to Monghyr-Saharsa ridge in the east is a broad, monotonous, level 
expenses built up of Quaternary alluvium and forms one of the largest 
groundwater basins of the world. Physiographically, it consists of alternate 
uplands and depressions, where the highlands between the rivers form the 
interfluves and depressions are occupied by the rivers like Yamuna and 
Ganga. Hydrogeologically, the basin is divisible into three distinct zones; 
the Bhabar, Tarai and the Central Ganga Basin. Here the Groundwater occurs 
under the water-table condition in the top aquifers and under semi-confined 
to confined conditions in the deeper aquifers. 
Aims and Scope; 
The aim of the present study is to take care of the present situation 
through the systematic and reappraisal surveys and other hydrogeological 
investigations of the study area, which is a part of the Central Ganga Basin. 
By investigation is meant the collection, synthesis and interpretation of 
data so that one can define the environment in which groundwater occurs 
and the flow system of the groundwater bodies. The environment include 
the geometry of the aquifer system (area, depth, thickness and extent of 
water bearing beds), its storage and transmission properties (effective yield 
and permeability of the formations) and the chemical compositions of the 
water and aquifer materials. The flow system covers hydraulic boundary 
conditions, hydraulic head distribution, recharge and discharge of the system 
and the response of the system to the physical and chemical changes and 
relation to adjoining surface water bodies. To describe and interpret these 
kind of things is the purpose of the investigation at hand. 
A generalized study of the Ganga Basin is existing but intensive studies 
even of a small area with its quantitatively and qualitatively evaluation is 
simply lacking. 
In the present investigation, an attempt has been made to evaluate the 
groundwater resources both quantitatively and qualitatively. 
Methodologv: 
Towards the fulfilment of the aim, data was collected and processed 
to evolve a quantitative and qualitative estimation of various factors 
governing the groundwater system. 
In order to generate a quantitative data base on hydrogeologic 
parameters and hydrochemistry, systematic surveys were carried out which 
was followed by laboratory investigations. 
The available hydrogeological informations from the published 
literature and unpublished reports of Geological survey of India, Central 
Groundwater Board and Groundwater Department & Irrigation Departments 
of the State of Uttar Pradesh, were collected and studied. 
Topographical maps, LANDSAT TM data of the area were studied prior 
to the reconnaissance survey. From LANDSAT TM imagery various 
landforms were demarcated. 
Geology of the entire basin has been completed with the help of 
published literatures and unpublished reports of Central Groundwater Board 
and the Oil and Natural Gas Corporation. 
Lithological strata of deep tubewells in the area were collected and 
used for preparing the fence diagram and various hydrogeological cross 
sections to depict the lateral and vertical aquifer dispositions. Further a set 
of 167 observation wells were established all over the area, at uniform 
spacing to monitor the changes in water level, pre and post-monsoon water 
level measurements during 1999. 
During the investigation, soil types were also studied and soil map of 
the area was prepared. The sand samples were collected from various drilling 
sites and also from the bed of the river kali through trenching. 
For the study of groundwater and surface water quality and their 
relationship, 96 groundwater samples were collected from different 
groundwater structures like open wells, shallow and deep tubewells to see 
the lateral and vertical variation in quality. Moreover, water samples were 
also collected from river and canals in the area to ascertain the chemical 
quality of surface water bodies. Out of the total samples, 72 were kept for 
the major ion studies while the remaining 28 acidified samples were 
analysed for trace element studies. 
Laboratory work; 
1. The water samples were analysed for major and trace elements and 
interpreted to ascertain the quality criteria for various purposes viz. 
domestic, irrigation and industrial. Moreover, various hydrochemical 
facies were determined through trilinear diagram. 
2. The aquifer materials were mechanically analysed and data obtained 
were plotted on grading curve and various parameters like effective 
grain size, sorting coefficient and hydraulic conductivity were 
determined. 
3. Hydrogeological data were processed, plotted and interpreted and 
various maps like depth to water level maps and water level fluctuation 
maps were prepared to analyse the change in the groundwater regime 
in time and space. The height of water table w.r.t. mean sea level of 
the key observation wells were determined and the reduced water level 
w.r.t. mean sea level were plotted to prepare the pre and post-monsoon 
water table contour maps of the area. 
4. Piezometric surface map of the area was also prepared in order to 
ascertain the similarity or dissimilarity of its pattern with the water 
table contour maps. 
5. In order to assess the long term effect of water level various 
hydrographs were prepared and analysed. 
6. Isopermeability map of the area was prepared by using Logan's 
formula. 
7. The rainfall data were collected from the IMD and statistically 
analysed. The mean, the standard deviation and the coefficient of 
variation were calculated. Besides, the frequencies of the drought 
for the period 1901 to 1999 were determined. 
8. Pumping test data were collected and analysed in order to determine 
the aquifer characteristics. 
9. Remote sensing imageries relevant to the area were studied and visual 
interpretations were made to decipher the various land from features. 
The present work; 
The hydrometeorology, geomorphology, land and water use pattern, 
geology, hydrogeology, hydrogeochemistry and groundwater resource 
evaluation studies of the area have been described to provide a quantitative 
data base of the study area. Application of remote sensing techniques have 
helped in delineating various geomorphic features. 
Geologically, the Bundelkhand granite of Archean age forms the 
basement complex which is unconformably overlain by Vindhyans and is 
finally overlain by Quaternary alluvium which forms good aquifer zones. 
Hydrogeologically, the area has a single aquifer system down to a 
depth of 166.0 m b.g.l. which is at places observed interleaved with 
moderately thick to thin clay beds which imparts it a two tier aquifer system. 
In the top aquifer groundwater occurs, under water table conditions whereas 
in the deeper aquifer groundwater occurs, generally under the semi confined 
to confined conditions. The pre and post-monsoon depth to water level varies 
fi-om 2.70 to 17.8 m b.g.l. and 1.6 to 16.2 m b.g.l. respectively. The water 
level fluctuation in the area ranges fi-om 0.1 m to 1.9 m in the observation 
year 1999. The difference in fluctuation is controlled by the lithological 
variations. The regional flow of groundwater in the area is from north-west 
to south-east. Whereas the general slope of the area is due southeast. 
A comparative study of water table contour map and piezometric 
surface contour map shows that they are similar in pattern, which indicates 
that aquifers are, by and large interconnected in nature. The pumping test 
data analyses shows that the value of transmissivity is 810.989 mVday and 
the value of hydraulic conductivity is 28.922 m/day. 
The chemical analyses results show that the groundwater in the area 
is potable, hard, alkaline in reaction and belongs to an Alkali Bicarbonate 
Type. However, the quality of the top aquifer water is poor due to the higher 
concentration of heavy toxic trace elements, Whereas the deep tubewell 
water is good as recommended by various agencies. 
The groundwater resource evaluation studies depict that the net annual 
recharge is 9337.70 ham while the net annual draft is 7160.37 ham. Thus 
utilizable groundwater resource potential is evaluated as 2177.33 ham or 
21.77 MCM for future development. As per the NABARD's norm the area 
falls under the Grey or Semi critical category. 
The above study will be useful for the development of agriculture 
and will help raise the standard of life of poor people in the study area. 
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Fig. 1. Location map of the study area. 
Location, extent and communication; 
The study area, spreads over 36700 ham, is located in Aligarh district 
of Uttar Pradesh and lies between the latitude 27°50' to 27°58' North and 
longitude 78°00' to 78°15' East. The area (Fig. 1) falls in the survey of India 
topo sheet no. 54 I/l. The area is very well connected with road and railways, 
metalled roads connect most of the villages in the study area. 
Development of Hvdrogeology; 
The development of an understanding of the occurrence and movement 
of groundwater has its roots in antiquity with ancient peoples attempting to 
explain spring flows, through to more modern times with the scientific 
developments starting during the eighteenth and nineteenth centuries and 
continuing to the present day. In early times it was generally believed that 
the water discharging from springs could not originate from rain fall as the 
rainfall was held to be inadequate and the ground too hard to permit water 
flow. These ideas were still held until atleast into the seventeenth century. 
The French Physicist Edme Mariotte (ca. 1620-1684) carried out a number 
of hydrological experiments and was the first person to propose that rain 
water infiltrating into the ground forms the source of spring water (Todd, 
1980). 
Hydrogeology as a science developed from the application of 
geological principles in the search for optimum locations for the 
construction of new wells or other abstraction system. The English 
Geologist William Smith (1769-1839) acted as a consultant during the early 
part of the nineteenth century, advising on a variety of applied geological 
problems including the siting of wells. 
It was recognised at an early stage that it was important to be able to 
quantity the flow of water through geological materials. During the middle 
of the eighteenth century Henri Darcy (1803-1858), a french water engineer 
carried out experiments at Dijon to define the flow of water through sand 
filters. The resultant publications (Darcy, 1856) defined for the first time 
the relationship between several measurable variables and the permeability 
of the sand. This mathematical relationship is known as Darcy's law and 
form the basis of all studies of flow through porous media. Dupuit (1863) 
was the first to develop a formula to describe the flow of water into a well 
based on Darcy's law. Significant contribution were made by J. Boussinesq 
G.A. Dubree, P. Forchheimer and A. Thiem. In the twentieth century 
increased activity in all phases of groundwater hydrology has occurred. G. 
Theim (1906) developed a field method for determining permeability of 
water yielding formations and the rate of flow of water, using a pumping 
well and the resultant drawdown in observation wells. 
A great advance was made by Theis (1935) who introduced an equation 
for the non steady flow towards a well. Because the volume of groundwater 
storage is depleted as water level decline during the pumping period, this 
method allowed the storage coefficient to be calculated from field data for 
the first time. Boulton (1951, 1963) and Jacob (1940, 1963) made 
significant contributions to the development of analytical methods for non 
steady state pumping conditions. Since that time a large number of analytical 
methods have been developed to enable pumping test data to be analysed in 
most geological and hydrogeological circumstances and in any configuration 
of well construction (Kruseman and De Ridder, 1991). Smith (1924), White 
(1932), Meinzer (1928) and William's and Lohman (1949) all these workers 
developed methods for estimating groundwater recharge or discharge from 
changes in groundwater storage. 
Piper et al. (1953) described the principles of cation exchange. Back 
(1961) presented techniques for mapping hydro-chemical facies. 
Rasmussen and Andreasen (1959), Schicht and Walton (1961) prepared 
hydrologic budget for basins, Walton and Prickett (1963) extended the 
application of analog techniques in solving complex groundwater problems. 
Based on the nature and growth of hydrogeology three revolutionary 
concepts were identified that have helped in better understanding of the 
hydrogeological phenomenon. The first revolutionary concept shows that 
the mathematical expressions for heat flow can be paraphrased for 
groundwater and therefore used in transient flow conditions to determine 
aquifer characteristics. This concept led to Theis's equation (1935). 
The second concept states that the distribution of fluid potential can 
be formulated in mathematical equations and solved by various techniques 
to generate flow simulation models. Developments by H.E. Skibitzke 
(1961), P.A. Witherspoon and R.A. Freeze (1V66) established the new field 
of digital groundwater flow modelling. Digital computers provided the 
means for assessment of groundwater resources on a regional scale with in 
the context of full hydrologic cycle (Back and Herman, 1997). 
The third revolutionary concept is that the chemical thermodynamics 
can be applied to hydrogeologic systems in order to understand the 
processes controlling the chemical character of groundwater. Important 
techniques in graphical representation of chemical data helped to interpret 
chemical relationships and reactions influencing groundwater composition. 
Hem (1959), White (1965), Back and Hanshaw (1965), Davis e/a/. (1970) 
made significant contribution in groundwater chemistry. 
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The relative importance of the three concepts has changed overtime. 
Earlier the non-equilibrium well hydraulics approach was important in 
evaluating aquifer characteristics. After that in 1970's use of flow simulation 
models become much more prominent. Then in 1980's much emphasis was 
given to understand the aquifer geochemistry and its relation with the 
contaminated sites. Within the last 20 years the surge in University research 
on groundwater problems and the advent of groundwater modelling have 
produced a competence for development and management of groundwater 
resources that was nonexistence heretofore. 
Remote sensing technology and geographical information system has 
added new tools for the groundwater exploration. Isotope technique have 
come to stay in groundwater research and are being increasingly applied to 
determine recharge rates and residence time of groundwater in the aquifer 
(Karanth, 1993). 
Finally, population explosion and r^pid urbanization led to the 
substantial increase in groundwater withdrawals in almost everywhere. The 
vulnerability of groundwater to overuse and water quality degradation is 
bound to be there. In the coming decades, as much attention will be paid to 
water quality preservation and resource conservation as to resource 
development. The resource estimation at micro-level is also gaining 
importance. 
11 
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PHYSIOGRAPHY 
The area of investigation forms the central part of the Ganga-Yamuna 
interfluves which is bounded on the north-east by the eastern margin of kali 
river and south-west by the western upland respectively. Apparently, the area 
appears as a vast level expanse but on the closer look, it represents a 
remarkable diversity of physical features like upland, low land, abandoned 
channel and active channels of the Ganga and Yamuna rivers respectively. 
The area has a regional slope from north-west to south-east which ranges 
from 191.0 m a.m.s.l. in the north west to 179.0 ma.m.s.l. in the south-east 
giving an average fall of 0.2 m/km which governs the natural drainage in the 
area. 
On the basis of physical features, the study area has been divided into 
three distinct physiographic units (Fig. 2). 
(1) Eastern upland (2) Central low land and (3) Western upland 
1. Eastern upland: In the study area it lies between the eastern part of 
the kali river to the western part of the Upper Ganga Canal. It has a prominent 
topographic features, along with the Upper Ganga Canal traverses from NW 
to SE direction. Further the eastern Upland merges with the central 
depression about 3.0 km west of the Upper Ganga Canal. The upland 
represents an Older Alluvium, comprising alternate sand and clay beds. 
The clay beds usually contains calcareous concretions which at places form 
a distinct 3-5 m thick calcareous horizons below the land surface. The 
seepage through the Upper Ganga Canal has created a wide stretch of water 
logged area along with wide spread salt incrustation. 
2. Central lowland: It lies between the eastern and western uplands 
which runs from NW to SE direction. In the study area it is 11 km wide and 
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20 km long. This depression is a prominent linear feature which comprises 
the districts of Bulandshahr and Meenit in NW to Sikandrarao and Etah in 
SE direction. It enters Aligarh district from the northern portion of the 
Koil tehsil and passes through the Dhanipur block and extend to Sikandrarao 
subdivision occupying all the south-western comer of the sub-division and 
finally passes into Etah. Central depression of the Ganga and Yamuna 
interfluves has been referred as Older Alluvial Plain. This plain represents 
the depositional history of an earlier dramage which originated from the 
Bundelkhand and the Vindhyan Uplands in the south of the district and has a 
regional slope towards north. This tract is characterized by a clayey soil, 
imperfect natural drainage and numerous marshes in which the surface water 
collects without, finding an adequate outlet. 
It represents various possibilities about its origin. Either it may be an 
abandoned channel of a big river or it is a structural dislocation in the 
bedrock topography which was latter occupied and filled by the Yamuna river. 
This is supported by the drilling data at Talaspur well with 60.0 m thick 
granular zone close to the Sengar river. 
3. Western upland: Further, the western margin of the central depression 
gradually rises up and joins the western upland. This upland is drained by 
Karwan in the mid west. It forms a watershed between the Ganga and the 
Yamuna system. The top soil is usually sandy and form recharge area. 
GEOMORPHOLOGY OF THE AREA: 
General Statement: 
Geomorphologically, Gangetic plain shows on south to south easterly 
sloping planer surface with northern part formed due to contraction and 
expansion of alluvial fans in response to climate changes during Quaternary 
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periods (Ghosh and Singh, 1988). The classical literature on the Ganga 
alluvial plain gives a very generalized idea about the geomorphic feature of 
the Ganga plain (Oldham, 1917;Pascoe, 1917; Pilgrim, 1919) defining two 
morphostratigraphic units namely older alluvium which forms the higher 
interfluves area and newer alluvium which forms the deposits of major active 
river channels. In the study area for the purpose of description LANDSAT 
TM FCC's imagery of band 1, 2 & 3 were studied. The visual interpretation 
for the various geomorphic units has been done using standard interpretation 
keys like tone, texture, size, shape, landform, landuse and vegetation 
relationship. 
Geomorphologically, the area comprises Palaeo-Flood Plain of the 
Ganga in the east and Varanasi Older Alluvium Plain in the west, with Aligarh 
older Alluvial Plain and Recent Flood Plain of tributaries of the Ganga and 
Yamuna drainage system occupying the area in the middle (Fig. 3) generally 
referred as central depression. 
The Varanasi Older Alluvial Plain represents the remnant of a planner 
surface and occupies major portion of the area. Extensive agricultural 
activity is being carried out on this surface. Aligarh Older Alluvial Plain 
represents channel fill of a north flowing palaeo-drainage system. The terrace 
zone is identified by their linear pattern and continuous development at a 
level higher than the present river channel. It represent the palaeo-flood 
plain of the Ganga river in the eastern part. The boundary between the VOAP 
and the terrace zones is demarcated on the basis of tonal variation and 
landuse pattern. Terrace zones are further followed by the Recent Flood 
Plain of Ganga river which is identified by its medium to bright tone and 
irregular shape. 
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Varanasi Older Alluvial Plain (VOAP): 
This geomorphic unit corresponds to the Older Alluvium Group of the 
Indo-Gangetic Plain (Das Gupta & Gupta, 1992). This term "Alluvium" is 
derived from the Latin word which means "flood", is more or less stratified 
deposits of gravel, sand, silt, clay or other debris moved by streams from 
higher to lower ground (Fairbridge, 1968). In the Indian context the term 
Alluvium has been used for the Quaternary deposits which are genetically 
related to the fluvial dynamics. The alluvial deposits of the Indo-Gangetic 
Plain which have a mix source with dominant clastic supply from the 
Vindhyan upland during the pleistocene sedimentation which constitute 
geomorphologically the VOAP. 
The VOAP is characterized by uniformity in photo characters, gentle 
to moderate slope and extensive agricultural activity. This geomorphic unit 
occupies most of the study area of the higher topographic level with elevation 
ranging from 195.0 m to 181.0 m above mean sea level. It is recognised on 
LANDSAT-TM, (FCC'S) imagery by its bright to medium tone, irregular 
boundary outline meander scars, palaeo channels and associated with 
dominant agricultural practice. The areas of high soil moisture is also 
delineated by dark tone on TM FCC'S image which is also prevailing in this 
unit. The VOAP is characterised by moderate to gentle slope and sharp 
contacts with the terrace zone and obscure boundary with the Aligarh Older 
Alluvial Plain. Analysis of bore hole data (Appendix-1) indicate that the 
upper 60-70 meters of the sequence is composed dominantly of sand. 
Aligarh Older Alluvial Plain (AOAP): This geomorphic unit covers the 
central part of the study area and forms low lying plains. It is represented 
by palaeo-flood plain of an earlier north flowing drainage system, which 
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originated from Vindhyan high lands in the south and had a regional slope 
towards north west. The extensive development of palaeo-channels are the 
main characteristic feature of this geomorphic unit (Iqbaluddin, 1992). 
This unit is easily traced on LANDSAT TM FCC imagery of bands 1,2 
& 3 by its bright tone, irregular boundaries and sharp contacts. The 
development of saline/alkaline patches which exhibits a very bright tone on 
TM FCC'S image is also a characteristic feature of AOAP. 
This plain is having a very poor vegetation cover because of the high 
incidence of the alkaline patches. It is also characterised by higher relief 
which have a sharp contact with the Varanasi Older Alluvial Plain. 
Terrace Zone: The river terrace seen in the Ganga Kali Sub-basin represents 
the vestiges of older, younger and Recent Flood Plain of the river. 
Depending upon the surface over which these vestiges are developed and 
terraces have assigned to their position in morphochronology of the area. 
The terraces which are specially associated with the tributaries of the Ganga 
river are designed as T2 and Tj surface which are observed in the study area. 
Chronologically T^ is older than Tj and they correspond to Newer Alluvium 
Group, (Das and Gupta, 1992, Thussu et al., 1992, Iqbaluddin, 1994). 
TJ Terrace: This surface is an upland surface. It is developed on Older 
Alluvium and occurs at the highest level. The terrace represent the oldest 
flood plain. The boundaries of T2 terrace are irregular and sinuous due to 
extensive erosion which has been multidirectional and polycyclic. This 
suggest that these are remnant of an extensive planner surface. 1^ terrace 
can be recognised on LANDSAT TM FCC's imagery by its medium to dark 
tone as well as the development of meander scars, palaeochaimels and saline/ 
alkaline soil patches. 
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Tj-terrace: T, terrace occurs as a continuous linear stretch between T^ and 
recent flood plain of kali river. It represents the palaeo-flood plain deposits 
of the Ganga river. The development of Tj surface represents a period of 
rejuvenation of kali drainage system which resulted in deep incision into 
the Older flood plain deposits. Tj-terrace which is separated from the recent 
flood plain by break in slope which varies from 1 m to 2.0 m the nick points 
have been erased by extensive agricultural activity along the unit. This 
surfaces is restricted with in the river valley. 
Tj-terrace can be recognised on LANDSAT TM FCC's imagery by its 
dark tone due to high moisture content in the soil. 
Recent Flood Plain of tributaries of the Ganga (TJ:(RFG) The Recent 
Flood Plain of tributaries of the Ganga covers a small part of study area 
which is occupied usually by flood water, during the flood season. The 
evolution of T^  is the result of the development of entrenched meanders in 
the kali river. T^  can be picked up on LANDSAT TM FCC's image by dark 
tone, irregular boundary outline and sharp geomorphic contacts with the 
terrace zones defined by nick points and micro relief changes along the 
flood zone. 
DRAINAGE: 
The area of investigation is drained by the Kali and the Sengar river. 
(Fig. 4). 
RIVER KALI: 
The kali river is practically the only tributary of the Ganges which 
traverses the study area. Rising in Muzffamagar, it passes through Meerut 
and Bulandshahr before entering this district on the northern border, close 
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to the Atrauli road railway station. Thence it takes a devious but generally 
south easterly course along the western and southern borders of the Atrauli 
Tehsil, passing into Etah near the village of Barhai. The river is not navigable, 
but is of a perennial nature and its volume is increased by the surplus water 
from the Upper Ganga Canal. Occasionally it rises in flood during much to 
the low land along its course. The water is used to some extent for irrigation, 
but only in the low land, the sandy uplands of the high bank on either side 
being a precarious nature and apt to suffer from drought. The width of the 
river where it enters the district shrinks to some 30 feet and the depth to 
three feet in the hot weather, but during the rains it becomes a stream of 
considerable magnitude. 
SENGAR RIVER: 
Sengar is a tributary of the Yamuna river. It drains through the Central 
depression drawing water from numerous swamps. It emerges from the Great 
Awadhan lake to the south of Panethi on the grand trunk road, but it drives a 
considerable supply from a large drain excavated in the low lying tract. This 
is called the lehtoi drainage cut and starts near the village of Barauli in the 
north of the study area, thence miming southward, and collecting all the 
drainage from the numerous swamps and depressions to the west and south 
of Harduaganj. From the Adhawan the Sengar flows almost due south through 
the south east comer of the Aligarh Tehsil, and thereafter traversing the 
west of Akbarabad from a few miles, leaves the subdivision at Barhad and 
enters into Hathras district. Unless utilised as a canal escape, the Sengar is 
practically dry in the hot weather; but in the rains it performs a very useful 
function and attains respectable dimensions. Its banks are sloping, and in 
most places the bed is of soft clay. 
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SOILS: 
The unconsolidated sediments of the Central Ganga Plain are formed 
by two major groups i.e. the older alluvium and the newer alluvium. The 
newer alluvium mainly occurs in the flood plains of the rivers where as the 
older alluvium is found in extensive tracts of uplands that are above the 
flood levels of the main rivers and their tributaries. 
The development of soils in the area was controlled by the 
sedimentation pattern and landscape evolution during the Quaternary period. 
The central part of the area has palaeo-drainage which emerged from the 
Bundelkhand uplands and drained the central depression of the Ganga-Yamvma 
interfluves. The area close to the Upper Ganga Canal is water logged, the 
area with shallow water table exhibit development of saline soils (Fig. 5). 
Thus the soils formed under different climatic, physiological and 
geomorphological conditions in the geologic past, considerably differ in 
their colour, texture, grain size, structure and consistency. Accordingly the 
soils of the study area, has been grouped into three classes on the basis of 
their physical characteristic, their spatial relationship with the land forms 
by the Department of Agriculture, Government of Uttar Pradesh (Anion 
1951; 1968) which are as follows: 
1. Eastern Upland soil series 
2. Central Low Land soil series 
3. Western Upland soil series, 
1. Eastern Upland soil series : This soil series extend from the 
Harduaganj distributory to the north-eastern part of the study area. 
Geologically it represents Older Alluvial formation and geomorphologically 
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it covers the T^  terrace zone of the Ganga river. The soil is light brown to 
deep brown in colour and is loam to sandy loam in texture. It is also made 
up of predominantly of sand followed by silt and clay. 
Central low land soil series : This soil series extends from the western 
part of the eastern upland to the eastern part of the western upland soil 
series. Geologically it represent Older Alluvial formation. This tract 
represents a palaeo drainage emerging from Bundelkhand and Vindhyan 
uplands having northerly palaeoslope. Due to poor drainage and presence 
of calc.concretion in sub soil, the extensive spread of saline soils have been 
formed in this region the soil is grey to dark grey in colour and loam to 
clayey loam in texture. 
Western Upland Soils Series: 
This soil series covers the western part of the study area Geologically 
it represents older Alluvial formation and geomorphologically this soil 
forms the older alluvial plain. On the basis of soil series this type of soil 
has been assigned to western upland soil series (Anion 1951). It is brown 
to reddish brown in colour and is sandy to sandy loam in texture. 
LAND USE PATTERN: 
"Land use is any kind of permanent or cyclic human intervention to 
satisfy human needs either material or spiritual or both from the complex 
of natural and artificial resources which together are called land" (A.P. Vink, 
1975). 
Land use is the application of human control in a relatively systematic 
manner to the key elements with in any ecosystem in order to derive benefits 
from it. 
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In the study area major portion of land is used for the agricultural, 
residential and industrial purposes (Fig. 6). In which the industrial areas 
are Harduaganj (Thermal Power Project) Manzurgarhi (Glaxo Laboratory), 
Mirzapur Sia (central dairy farm) and Aligarh (Industrial area and Tala 
Nagri). The following table shows the details of the study area profile in 
relation to land use. 
TABLE-1 
Features 
Settlement 
Road 
Railway line 
Canal 
Cropland 
Water logged 
Land affected by salinity 
Perennial streams 
Seasonal streams 
Perennial ponds 
Seasonal ponds 
Other 
Area in Percentage 
14.70 
0.81 
0.23 
0.81 
65.82 
3.23 
10.29 
0.20 
0.41 
0.15 
0.59 
2.72 
WATER USE PATTERN: 
Groundwater, is an important source of water supply which is basically 
a renewable source, but the volume of water may vary greatly from place to 
place depending upon the climate, regional hydrogeology and rate of 
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groundwater use for domestic, agricultural and industrial purpose. The use 
of groundwater has escalated significantly worldwide since 1960 (Fletcher, 
1986). 
Out of the total water resources of middle part of the Yamuna 
interfluves 80% is derived from the groundwater source and 20% from 
surface water source. 
Estimate of groundwater use of the basin shows that out of the total 
groundwater withdrawal 80% is used for irrigation, 15% for domestic 
purpose and remaining 5%, is used in industry (Fig. 7a & b). 
HYDROMETEOROLOGY: 
Climate: 
Climatically, the area enjoys a subtropical climate punctuated with 
severe summers and moderate to cold winters. The summer season starts 
by mid March and last upto mid or late June when the monsoon sets in over 
the area. In the month of May, the temperature shoots up to 46°C, however 
the mean maximum temperature ranges around 42°C and the mean minimum 
around 18°C. The relative humidity falls to as low as 36% during April. 
With the onset of the monsoon by mid or late June, reversal of wind 
direction takes place due to the development of low pressure area over the 
north western India. The humid oceanic currents from the Arabian sea, 
blowing over the peninsular India and Bay of Bengal, get further completely 
filled with moisture while passing the latter area and bring the temperature 
down. The air then becomes cool, thus heralding the rainy season. The mean 
monthly temperature is lowered to 31°C in July, the relative humidity 
increases to 83% during the active monsoon period. July and August are 
the wettest months. The rainy season last upto the end of September. The 
area receives upto 80% of rain fall during this period under the influence 
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of the south-westerly monsoon. The winter season started by mid or late 
November. During the winter season, the coldest months are December and 
January. In these months the mercury plummets to as low as 4°C, where as 
the maximum temperature during the winter rests around 21°C. The 
prevailing wind direction during the season is from north-west to south-
east. These winds are of continental origin and are mostly dry. The average 
speed of the wind is 9.3 km/hour. 
Areal Distribution of Rainfall: 
Isohyetal map (Fig. 8) of the district shows that the intensity of rainfall 
decreases from east to west, where the eastern part of the district receives 
more than 900 mm and gradually decreases to 600 mm in the west proximal 
to the river Yamuna. 
Variability of Rainfall: 
The available annual rainfall data were collected from Aligarh, the 
nearest rain gauge station, for the period of 1901 to 1999, has been 
statistically analysed (Appendix-IV). The results has been tabulated in the 
following table. 
TABLE-2 
Highest rainfall (1988) 
Lowest rainfall (1977) 
Mean 
Standard deviation 
Coefficient of variation 
1431.8 mm 
72.80 mm 
683.33 mm 
247.41 mm 
36.206% 
The table shows that the highest rainfall at Aligarh was recorded as 1431.8 
mm in the year 1988 and lowest as 72.80 mm in the year 1977. The mean 
annual rainfall for the study area is 683.33 mm. The standard deviation is 
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247.41 mm and the coefficient variation is 36.206%. Further, the departure 
of annual rainfall from mean rainfall has been plotted (Fig. 9) which shows 
wide variation from the mean indicating the erratic nature of the rainfall. 
Drought Analysis: Drought are the most widely recognised climatic 
perturbation relative to groundwater as surface water storage becomes, more 
limited use of groundwater storage to modulate the effects of diought 
increases in importance as do potential enhancement by artificial recharge. 
If groundwater storage is large drought will have a small, if any, effect on 
long term water storage in an aquifer system. In contrast where groundwater 
storage has been substantially reduced by long term withdrawal for wells, it 
may be more limited as a source of water to help cope with droughts (Alley, 
2001). 
The computations are mainly based on the agricultural definition of 
drought which takes into account the negative departure of rainfall from 
the mean which are as follows. 
TABLE-3 
Percentage of departure 
0.0-25.0 
25.0-50.0 
50.0-75.0 
75.0-100.0 
Types of drought 
Mild drought 
Normal drought 
Severe drought 
Most severe drought 
Analysis for the drought frequency shows that the area has been experiencing 
drought of varying intensity over the period 1901-1999. 
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The following table shows results of drought analysis at Aligarh. 
TABLE-4 
Type of drought 
Mild drought 
0-25 
Normal drought 
25-50 
Severe drought 
50-75 
Years 
1902,1903,1904,1906,1909, 
1921,1922,1923,1926,1927, 
1929,1930,1931,1932,1939, 
1940,1945,1946,1948,1951, 
1952,1960,1965,1968,1969, 
1971,1977,1977,1991 
1901,1907,1911,1912,1915, 
1920,1928,1937,1938,1941, 
1944,1952,1966,1970,1973, 
1974,1979,1987,1993,1997 
1905,1918,1953,1973 
Frequency (f) 
of occurrence 
31.31% 
21.21% 
4.04% 
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CHAPTER-III 
sf ' 
GEOLOGY 
Physiographically, the Indian subcontinent is divisible into three well 
marked regions viz. the Himalayas, the Peninsula and the third lying between 
them is the Indo Gangetic Plains, stretching across the northern India and 
Pakistan from Assam and Bengal on the east, through Bihar and Uttar 
Pradesh, to the Punjab and Sind on the west (Fig. 10). The Indo-Gangetic 
Plains are broad monotonous, level expanses built up of Quatemaxy alluvium, 
through which the rivers flow sluggishly towards the seas. 
Stratigraphically, it is built up of layers of sands and clays with an 
occasional interbeds of calc. concretions of Quaternary age, filling up a 
depression between two other units. 
The Indogangetic Plain which forms an important part of the Indian 
subcontinent is divisible into (i) The Sind basin (ii) The Punjab basin (iii) 
The Ganga basin (iv) Bengal and Brahamputra basins. The area of 
investigations forms a part of the Central Ganga basin, so the study is only 
confined to a small part of the Central Ganga basin. 
GANGA BASIN; 
The Ganga basin extends from Delhi-Hardwar ridge in the west to the 
Monghyr-Saharsa ridge in the east. The Ganga basin is bounded by the 
Himalayan foot hills in the north to the Vindhyan highlands in the south 
(Singh, 1996). It is 1000 km long and 425 to 200 km wide and has been 
divided into four broad hydrogeological units such as (i) Bhabar (ii) Tarai 
(iii) Central Ganga Plain and (iv) Southern Marginal Alluvial Plain where 
each one has its own thickness and hydraulic characteristics which ranges 
from 285 m in the south to oyer 1000 m close to the Himalayan foot hills. 
The subsurface topography is uneven comprising alternate ridges and 
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Fig. 10. Physiographic divisions of India. 
depressions such as Faizabad high which divides the basin into two halves 
that is east and west Uttar Pradesh shelves, Gandak and Sarda depressions. 
ORIGIN OF THE GANGA BASIN: 
As regards its origin, there are various shades of opinion which are as 
follows: 
Suess (1904-1924) was the first to suggest that the Indo-Gangetic 
depression is a 'Fore-deep' which was formed in front of the high crust waves 
of the Himalayas as they were resisted in their southward migration by the 
rigid land mass of the Peninsula (Waldia 1957). 
Burrard (1915) interpreted it as a great rift valley which was later field up 
with alluvium of the thickness 4.5 km (Oldham 1917). At present it is 
generally accepted that the Ganga basin was formed as a result of buckling 
down of the northern fringe of the Peninsular shield thrust over from north 
(Krishnan, 1968). Valdiya (1982), interpreted it as a resultant effect of 
sagging of the northern flank of the Platform around the Bundelkhand shield, 
following the main episode of the Himalayan orogeny. The depressed 
Platform became the site of sedimentation by vigorous fluvial agencies 
predominantly from the newly risen Himalayas. 
Presently, Indo-Gangatic Plain is considered a peripheral foreland 
basin (Dickenson, 1974), formed as a result of continent-continent collision 
between Indian and Asian Plates. Foreland basins are asymmetrical and 
deepest near to the fold-thrust belt; they migrate towards the foreland and 
have resulted from downward flexturing of the lithosphere by the overriding 
fold-thrust belt (Beaumount, 1981). 
According to Mitchell and Reading (1986), the most impressive 
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present day peripheral foreland basin is the Indo-Gangatic trough (Fig. 11) 
south of the seismically active sediments to accumulate under fluvial 
processes. 
Singh (1996), assumed that the initiation of the Ganga Plain Foreland 
basin took place in the early Miocene with a considerable time lag after 
collision of Indian-Asian plates during Eocene. In the early phase of this 
foreland basin, it was very narrow and with little subsidence. Substantial 
subsidence and flexing of basin started in the Middle Miocene and a full 
grown foreland basin was established. 
Pramanik et al. (1996) considered that Ganga basin is a poly cyclic 
basin with six main phases of geologic evolution viz. Early Proterozoic 
Intracratonic-Pericratonic sedimentation cycle, Middle Rephean 
Intracratonic cycle, Late Rephean Pericratonic cycle. Early Permian-Early 
Cretaceous Intracratonic cycle, Triassie-Middle Eocene Tethyan continental 
Margin cycle and Neogene Peripheral Foreland cycle. The basin initiated 
as a intracratonic rift during Early Proterozoic in extensional phase and 
subsequently changed over to a pericratonic set up. 
The above opinions regarding the origin of the Ganga basin conform 
to the creation of a depression in front of the newly risen Himalaya during 
Middle Pliocene time, when the Himalayas underwent several phase of 
folding and thrusting (Krishnan 1968). The depression thus created was 
rapidly filled up by the sediments brought by the rivers emerging from the 
Younger Himalayas as well as through the rivers draining the northern fringe 
of the Peninsula, there by giving rise to the present position of the Ganga 
basin. 
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Fig. 11. Map showing continental collision of Indian and 
Arabian plates with Asia (after Reading, 1986). 
TECTONIC FRAMEWORK OF GANGA BASIN: 
On the basis of the detailed Geophysical surveys followed by the deep 
drilling in the Ganga basin, the tectonic framework has been evaluated which 
consist of alternate ridges and depressions. 
Geologically, Bundelkhand granite forms the basement complex, which 
later underwent faulting generating thereby, two intracratonic basins which 
are known as the east and west Uttar Pradesh shelve while the middle portion 
remained as horst known as Faizabad high. Further these intracratonic basins 
became the site of deposition where Bijawars were unconformably deposited 
on the granitic basement. There after lower and upper Vindhyans were also 
deposited over the Bijawars and Bundelkhand granite during the upper 
proterozoic era. The lower Vindhyan in the Ganga basin are found only in 
the shelves in the Madhubani Graban where as the upper Vindhyans are very 
well developed in the west Uttar Pradesh shelves. After that these Vindhyan 
rock formation underwent Post-Vindhyan Faulting and erosion for about 
500 million years till the Neogene Siwaliks were deposited on its eroded 
surface. Further they were subjected to down buckling during the final phase 
of the Himalayan orogeny and thereafter started the deposition of 
Quaternary sediments which consists of alternate layers of sand and clays 
intercalated with calcareous concretions. 
The term ridge as applied to the structural features of the Ganga plains 
refers only to the linear aeromagnetic anomalies and should not be 
understood in the normal sense of term. These ridges might have formed 
important topographic divides at the time of Vindhyan depositions but 
subsequently peneplaned as the overlying Siwaliks occur with nearly uniform 
thickness across these ridges. Similarly the word 'basin' applied to areas 
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between these ridges, should not be understood as representing truly 
syncline depressions (Karunakaran and Rao, 1976). According to Sastri et 
al. (1971), the Ganga basin is divisible into East Uttar Pradesh shelf, 
Faizabad high, west Uttar Pradesh shelf, Sarda depression and Gandak 
depression (Fig. 12). Shukla et al. (1974) classified the Ganga basin into 
two major sedimentary cycles separated by a pronounced uncorformity, 
which includes the pre and post unconformity cycles. The pre-uncotiformity 
sequence is represented by Bahraich Sahaspur cycle consisting of 13ahraich 
group, Madhubani cycle comprising of Madhubani formation (lower 
Vindhyan) and Puranpur cycle represented by Ujhani Tilhar and Tanakpur 
formations (Upper Vindhyans) while the post unconformity cycle is 
represented by the Neogene molasse. 
Recently Pramanik et al. (1996) has given a more precise 
classification of the Ganga basin, consisting of alternate ridges and 
depressions which are as follows (Fig. 13). 
1. Delhi-Sargodha ridge 
2. Delhi-Hardwar ridge 
3. Bundelkhand - Allahabad ridge 
4. Shikohabad - Lucknow - Farenda ridge 
5. Zamania - Sitamarhi ridge 
6. Monghyr - Saharsa ridge 
7. Sahaspur depression 
8. Bahraich depression 
9. Puranpur depression 
10. Gandak depression 
11. Madhubani depression 
Besides these, there are major deep seated-faults which control the 
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Fig, 13. TECTONIC MAP OF THE GANGA BASIN 
(after Parmanik et al., 1996). 
basinal architecture and the sedimentation and post depositional structure 
of the basin. 
Delhi-Sargodha ridge: It is a northwest-southeast trending basement 
massif separating the Bikaner-Nagaur Basin from Punjab basin. The cratonic 
nature of this gently northwest ward sloping ridge is also known from the 
exploratory wells drilled in Punjab. 
Delhi-Hardwar ridge: Delhi-Hardwar ridge, trends under the subsurface 
condition in the north-east direction towards Himalayan foot hills, is a 
metasedimentary formation of middle proterozoic age which practically 
forms the western limits of the Ganga basin. 
Bundeikhand-Allahabad Ridge: It follows an east-west structural trend 
upto Varanasi (Khan and Jokhan, 1994). This ridge has cratonic basement 
out cropping at the southern fring of the Ganga basin constitute the basement 
complex for the sedimentary sequence in the Ganga basin (Sastri et al., 
1971). 
Shikohabad-Lucknow-Farenda ridge: This is east-west trending ridge 
with complex structural features and looses its identity between Bahraich 
and Balrampur. This ridge is essentially a product of the positive inversion 
of a 35 km wide east west trending graban. 
Zamania-Sitamarhi ridge: This is northeast-southwest trending ridge and 
represent the eastward extension of Bundeikhand-Allahabad basement ridge. 
This ridge is bounded by northwest-southeast faults. On the northwestern 
flank the fault is the probable continuation of the Ganga fault, while the 
fault on the southeastern flank demarcates the Madhubani depression. 
Monghyr-Saharsa ridge: This ridge is the north-east extension of the 
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Satpura folded belt. The ridge exposed at the right bank of the Ganga river 
near Monghyr extends in north-east direction under the alluvium towards 
Saharsa town. 
Sahaspur-depression: This depression is the relict Proterozoic 
intracratonic-pericratonic basin and isolated from its eastern continuation 
following right lateral dislocation along the Great Boundary Fault. 
Bahraich-depression: This is an east-west trending superdeep intracratonic 
graban that developed during Early Proterozoic by rifting of Bundelkhand 
massif along Tundla-Bahraich axis during 1800 MY. 
Puranpur-depression: This depression is initiated as a pull apart basin at 
around 1017m years coeval with the Delhi orogeny and genetically related 
to it. 
Gandak-Depression: 
It appears to converge north ward and probably constitute the southern 
margin of the succeeding pericratonic basin following a tilt towards north. 
The thickens of the Gandak depression is more than 6000 meters. 
Madhubani-depression: This narrow depression is the north-east extension 
of epicontinental Vindhyan basin. The basin initiated as a transtensional rift. 
Patna fault defines the southern margin of this basin. 
SUBSURFACE GEOLOGY OF THE AREA: 
The area under review is the part of Central Ganga basin and lies in the 
central portion of the Ganga-Yamuna interfluves. Exploratory drilling 
carried out by the Oil and Natural Gas Corporation (ONGC) in search of 
petroleum and Central Groundwater Board (CGWB) in search of groundwater 
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led to the determination of subsurface geologic sequence and its topography 
during the last four decades. 
The drilling operations by the Central Groundwater Board (CGWB) in 
Aligarh district encountered the bedrock at varying depths. The exploratory 
well drilled at Aligarh club compound close to Aligarh railway station in 
June 1976, encountered upper Bhandar red shale at a depth of 340 m b.g.l. 
Besides, in an exploratory well drilled by CGWB, the Upper Bhandar 
sandstone which overlies the red shale wai encountered at Saleempur, 20 
km of south west of Aligarh city at a depth of 286.36 m b.g.l. Moreover, the 
same red shale was touched at Hathras almost 35 km south of Aligarh city 
at a depth of 365 m b.g.l. The drilling at Kasganj by Oil and Natural Gas 
Corporation (ONGC) near the right bank of the Ganga encountered lower 
Bhandar limestone at a depth of 620 m b.g.l, and Bundelkhand granite at a 
depth of 2061 m b.g.l. which very well establishes the sequence of rock 
formation from the basement to Quaternary alluvium. 
In the light of above bore hole data it becomes very clear that the 
sequence of geologic formation at Aligarh may be as follows. 
TABLE-5 
1 Sequence of geological formation 
Alternate beds of sand and clay 
occasionally intermixed with 
calcareous concretions 
Upper Bhandar shale and sand stone 
Depth range (m) 
0-360 
..Unconformity. 
360-620 
Lower Bhandar limestone and sand stone 
Bundelkhand Granite 
(Basement complex encountered at 
2061 m) 
Unconformity, 
Age 
Quaternary 
Upper Proterozoic 
(750 MY) 
Archean 
(3000 MY ) 
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At a glance the stratigraphic sequence of geologic formation shows that 
the Bundelkhand-Granite forms the basement complex which is 
unconformably overlain by lower Bhandar limestone and sandstone and 
further followed by the Upper Bhandar shale and sandstone. Thereafter the 
Upper Vindhyans were put to erosion for about 500 million years and in the 
wake of final phase of the Himalayan orogeny during the Upper Pliocene 
period a trough was created between Peninsula and the Himalayas which 
became the site of the deposition of the Quaternary sediments leading to 
the present configuration of the Ganga basin. 
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"^  
HYDROGEOLOGY 
Along with the air we breathe, wate- is probably the most used, the 
most abused, and the most taken-for-granted natural resource. The water 
cycle, also, called the hydrologic cycle established on the earth as a boon 
to this living planet. Once the infiltrating water joins the water table it 
becomes a part of a dynamic systems and flows from the area of recharge 
to the area of discharge. That fraction of rainfall which infiltrates into the 
ground and joins the zone of saturation is called groundwater, the top surface 
of which is called water table. Groundwater occurs in varied geological 
environments such as in pore spaces in unconsolidated formations, semi 
consolidated formations, inter connected fractures, solution cavities, lava 
tunnels etc. 
Hence, hydrogeology, is concerned primarily with the mode of 
occurrence, distribution, movement and chemistry of water occurring in 
the zone of saturation under sub surface geological environment. This 
implies an ability to store and to transmit groundwater which forms the 
basis for scientific source finding and the evaluation of sustained 
productivity of groundwater reservoir (Karanth, 1987). 
By groundwater investigation is meant the collection, synthesis and 
interpretation of data so that for various areas one can define the 
environment in which groundwater occurs and the flow system of the 
groundwater body or bodies. The environment includes the geometry of the 
aquifer system (area, depth, thickness and extent of water bearing beds) its 
storage and transmission properties (effective yield and permeability of 
the formations) and the chemical composition of the water and th ;^ aquifer 
materials. I'lie flow system covers hydraulic boundary conditions, (near by 
35 
source of inflow), hydraulic head distribution (water level contour maps), 
water input (recharge) and output (discharge) of the system and the response 
of the system to physical and chemical changes, and relation to the adjoining 
surface water. To describe and interpret these kinds of things is the purpose 
of investigation at hand (Walton, 1970). Keeping in view the above a detailed 
hydrogeological investigations have been carried out in the study area for 
groundwater resource evaluation, development and management. 
HYDROGEOLOGICAL BACKGROUND OF THE GANGA BASIN IN 
THE STATE OF UTTAR PRADESH: 
The area under investigation falls under the Indogangetic Plain, the 
second important physiographic division of India. Within Uttar Pradesh it 
stretches for about 800 km from the west-east and approximately 500 km. 
in the north south direction and covers about 70% of the area of the state. 
The deposits of the Ganga basin belongs to the Quaternary age and conceal 
beneath them lies the northern fringes of the Peninsula and the southern 
extension of the Himalayan rocks. The area may be geologically 
monotonous, but is a rich agricultural tract with very thick population. 
The Ganga Plain in Uttar Pradesh is classified into four 
hydrogeological units, viz., Bhabar, Terai, Central Ganga Plain and Southern 
Marginal Alluvial Plain (Fig. 14). 
Bhabar: 
This zone is south sloping, 10 to 30 km. wide tract merging in the 
south with the Terai zone. It comprises the composite alluvial fans of 
torrential streams, issuing from the Himalayan mountains and the talus 
material from the hill slopes. The alluvial and colluvial material in this zone 
composed largely of highly permeable, unsorted boulder, cobble, pebble 
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Fig. 14. HYDROGEOLOGICAL ZONES OF UTTAR 
PRADESH (after Pathak, 1982). 
and gravel mix with sand and at places it contains clayey horizons also. 
Bhabar is highly transmissive zone, rivers emerging from Himalayas after 
joining Bhabar it looses half of its discharge to the aquifer down below. 
In poorly sorted Bhabar deposits, groundwater occurs under unconfined 
conditions. Locally perched groundwater bodies are encountered above clay 
beds. Along the foot hill region the water table varies from 30 to 50 m 
b.g.l. which is the recharge zone but becomes shallower in the down slope 
direction and finally the water table cuts the land surface giving rise to series 
of springs which is known as spring line and which shows the end of the 
Bhabar. In this zone, tubewells of less than 300 m depth and tapping 50 m 
of aquifer material yield 100-300 m /^h for small drawdown of 6 to 10 
meters. 
TERAI : Northern end of Terai is spring line while its southern end 
imperceptibly merges with the northern boundary of Central Ganga Plain. 
It is a 5 to 15 km wide belt sub parallel to the Bhabar. The deposits of the 
Terai zone are the distal sediments of the Bhabar fans which were washed 
down and sorted into distinct grain size associations. The two units are 
contiguous and shows physical and hydraulic continuity. This zone is 
characterized by a moist swampy, gently undulating, south sloping terrain 
traversed by numerous perennial sluggish drainages, which emanates from 
the springs and amalgamate downstream to form important rivers. It consists 
of alternate beds of clay, sand and gravel, sand often mixed with pebble. 
Groundwater within the depths of about 20 m in Terai is generally 
unconfined, but deeper aquifers are under high artesian pressure. In the 
central tract of the Terai, the piezometric surface lies about 6 to 10 m above 
the groundwater. Free flow of 100 to 300 mVh is common for well screening 
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30 to 50 m of aquifer zones with in depths of 150 m b.g.l. 
Central Ganga Plain : The vast alluvial tract lying south of the Terai and 
bounded in the south by the Yamuna till its confluence with the Ganga, forms 
the hydrogeologic unit of the Central Ganga Plain. This region is a plain of 
low relief and numerous fluvial depositional and erosional features 
suggesting that the various streams of the Ganga river system have occupied 
and abandoned several courses during construction of the plain. The 
sediments of this zone are made up of well-stratified fine gravel, sand, silt 
and clay, the percentage of finer materials generally increases due south. 
The granular zones in the Central Ganga Plain constitute the potential 
aquifers. In the greater part of this zone the water table occurs at shallow 
depths of less that 10 meters. The groundwater in deeper aquifer is confined 
or semiconfined, but because of the close proximity of piezometric surface 
and water table, flowing conditions are not met with in the axial belt except 
along low lying river terraces where sufficient pressure head is available 
(Pathak, 1960). 
Southern Marginal Alluvial Plain: 
This is the north sloping surface, located south of the axial river, and 
characterized by NE flowing gravity to coarse sandy rivers showing 
entrenched meandering. This area is made up of sediments from Peninsular 
craton. The thickness of alluvium varies from few meters close to vindhyan 
high lands and about 250.0 m close to the bank of Yamuna and Ganga rivers. 
The alluvial sediments of the Ganga basin have been classified as older 
Alluvium and Newer Alluvium, the former consist of sediments which were 
formed in distant past and are partly undergoing denudation, while the later 
is under the process of formation. Newer alluvium are chiefly confined to 
the river valleys and consists of coarse gravels, sandy clay and sand in the 
proximity of the river channels and fine silt in the flatter distal part of the 
river plains whereas older alluvium is made up of massive beds of clay of a 
pale reddish brown colour, very often yellowish with calc. concretions 
disseminated throughout. At places calc concretion forms compact beds, 
sand and gravel do occur, but are usually subordinate; except along the 
margins of the basin. The proportion of coarser sediment decreases 
gradually as the distance from the hill increases. Because of the great 
variation in the nature and thickness of aquifers and confining layers, 
groundwater occurs under confined and unconfined conditions. 
FORMATION OF ALLUVIAL AQUIFER SYSTEM: 
There are various factors which play an important role in the formation 
of aquifers in alluvial system. These parameters are; 
(a) Geology and topography of the terrain. 
(b) Hydrodynamics of the flow regime. 
(c) Physicochemical character of the formation. 
Due to above factors these are represented as channel, flood plain and 
backswamp deposits in the study area. 
Channel deposits: 
Channel deposits are the water repositories formed by the accumulation 
of sediments below the stream. In the study area the deposits show fining 
upward sequence which is the main characteristic of channel deposits. River 
kali as observed in the study area from bottom upward comprises coarser 
sand with gravel through medium to fine sand to silt which is overlain by 
thin clay caps which usually get eroded by the succeeding flood leading to 
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the deposition of very thick body of sand. These thick sand bodies form the 
potential aquifers. 
Flood Plain Deposits: 
During the flood season when the flood water overflows the banks, 
medium to fine sand bodies of moderate thickness and limited areal extent 
are deposited over the flood plain. These lenticular bodies of sand form the 
moderately potential aquifers in comparison to the highly potential aquifers 
of the channel deposits. 
Back Swamp Deposits: 
Back-swamp deposits are formed by left over flood water in the low 
lying areas, where the suspended sediments get settled under the influence 
of gravity and forms a lensoid body of sand which is later on, overlain by 
clayey horizons. Thus, there occurs enclaves of sand bodies intercalate with 
in the underlying and overlying thick clay beds. With the passage of time 
the river changes its course so the position of these deposits also changes. 
That is why no continuous body of sand or clay is found in a bore hole except 
under certain extra ordinary situation in a single drill hole. Generally this 
type of deposits form the low potential aquifers. 
The system which has generated various aquifers in the area are as 
follows: 
(i) The channel deposits are thick bodies of sand of infinite areal extent, 
hence form the most potential aquifers. 
(ii) Flood plain deposits giving rise to the lenticular type of the aqaifers, 
limited in thickness and areal extent are one moderately potential 
aquifers. 
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(iii) Lensoid bodies of sand occurring as enclaves with in the thick clay 
beds, generally form the low potential aquifers. 
GROUNDWATER EXPLORATION: 
The objective of groundwater exploration is to locate aquifers capable 
of yielding water of suitable quality, for drinking, irrigation, agriculture 
and industrial purposes, by employing, as required, geological, drilling and 
other techniques. Quantity and quality are relative terms that depend on the 
purpose for which water is intended to be supplied. 
In the study area (Fig. 15) the construction of deep irrigation tubewells 
by the state-tubewell Department, Govt, of Uttar Pradesh at a depth of 
204.21 m b.g.l. and by the Central Groundwater Board at a depth of 340.0 m 
b.g.l. at Aligarh Railway Club are the source of subsurface lithological and 
hydrogeological data. These data were utilized to prepare the fence diagram 
and the various hydrogeological cross sections of the area of investigation. 
AQUIFER GEOMETRY: 
In order to ascertain the subsurface disposition of the various aquifer 
systems down to a depth of 166.0 m b.g.l. and their vertical and lateral 
extents in the area, a fence diagram (Fig. 16) and various hydrogeological 
cross sections (Fig. 17a, b, c & d) along and across the study area have 
been prepared on the basis of the lithologs of bore holes (Appendix I) of 
the existing deep tube wells. 
A perusal of the fence diagram (Fig. 16) brings out certain salient 
hydrogeological features which are as follows: 
In all there occurs a single aquifer system down to a depth of 166.0 m 
b.g.l. This is very well displayed in the middle as well as in south eastern 
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Fig. 17d. Hydrogeological cross-section along long D-D'. 
end of the area. However at the western end this single aquifer is ibund in 
alternation with thin to moderately thick and at places thin and laterally 
pinching out clay beds and depicts a clear two tier aquifer system. Further, 
the study shows that the granular zones attain humble position viz. a viz the 
clayey horizon due west. 
Various Hydrogeological cross sections cris-crossing the area along 
A-A', B-B', C-C and D-D' were drawn which evince the following: 
(a) A-A' cross section (Fig. 17a) runs in NW-SE direction from Chuawali 
to Majra Jalali through Alampur subkara, Chilkaura Talaspur, Darapur and 
Khan Alampur. The length of the section is about 30 km and the depth of 
bore hole ranges from 64.00 m b.g.l. at Chuawali to 156.0 m b.g.l. at Darapur. 
This hydrogeological cross section shows a single aquifer system down 
to a depth of 94.5 m b.g.l. at Talaspur bore hole. However at Chuawali, 
Chilkaura, Darapur and Khan Alampur bore holes their occur sizably thick 
clay beds below a depth of 45.0 to 60.0 m. In Chuawali and Alampur Subkara 
19.0 m thick clay bed is encountered in the depth range of 45.0 m to 64.0 m 
where as in Chilkaura bore hole 62.48 m thick clay bed is encountered in 
the depth range of 59.48 mto 121.92 m b.g.l. The clay bed of Chuawali and 
Alampur is not encountered in Chilkaura, Darapur and Khan Alampur 
occupying in the depth range of 62 m to 121.0 m b.g.l. is also not 
encountered in Talaspur bore hole. This is true for Darapur bore hole which 
shows that these clay beds no doubt are thick but not laterally extensive. 
This further suggest that by and large the aquifer along A-A' cross section 
is a single tier aquifer system which at places found in alternation with thin 
to thick clay beds. 
(b) This hydrogeological cross section along B-B' (Fig. 17b) runs in NE-
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SW direction from Asnehta Jahangirabad to Nagla BaksuUah through 
Naugawan, Pikhlauni and Khan Alampur. The length of cross section is around 
35.0 km and the depth of bore hole ranges from 77.4 m b.g.l. at Asnehta to 
153.87 m b.g.l. at Naugawan. In this cross section there occurs 47.0 m thick 
granular zone below the top clay cover down to a depth of 48.0 m. This 
aquifer at its south western side is found in repeated alternation with the 
clay beds and simultaneously its thickness markedly decreases south west. 
Below this zone there lie a very thick and persistent bed of clay intercalated 
with calcareous concretions which gradually picks up greater thickness due 
south west. As is evident particularly in the bore holes of Asnehta, Naugawan, 
Pikhlauni and Khan Alampur. Below this clay bed there occurs about 32.0 
m thick granular zone which meets sudden decrease in its thickness viz-a-
viz a thick clay bed which contain abundant calc. concentrations. This cross 
section however, shows that the thickness of low permeability horizons 
increases due west and decreases due east while the granular zone attains 
its thickness due east and decreases due west. 
(c) The cross section along C-C (Fig. 17c) runs almost north to south 
between Chherat in north and Hajipur in south. The length of cross section 
is about 15.0 km and the depth of bore hole varies from 96.0 m to 120.0 m 
b.g.l. 
The study of this cross section shows that below top clay cover down 
to a depth of 98.0 m in Chherat there occurs a single aquifer system which 
is at places intervene by pinching out thin to slightly thick clay beds. 
However at the southern end of the cross section in Hajipur bore hole the 
clay bed attains predominating position over granular zone and there appears 
to be a two tier aquifer system. 
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(d) The hydrogeological cross section along D-D' (Fig. 17d) runs NNE-
SSW between Harduaganj to Isanpur. The length of the cross section is 16.0 
km and depth of bore hole ranges from 105.0 m at Harduaganj to 130.8 m 
b.g.l. at Kamalpur. This cross section below top clay layer depicts a single 
aquifer system down to a depth of 130.8 m b.g.l. However clay beds of 
sizeable thickness of limited areal extent are observed intercalated with in 
this granular zone. In this section it appears that potential aquifer zone 
predominates over the low permeability horizons. 
Finally, the above detailed study offence diagram and various cross 
sections show that by and large there occurs a single aquifer system in the 
area which is often observed interleaved at places with moderately thick to 
thin clay beds which imparts it a two tier aquifer system. These aquifers are 
laterally and vertically extensive and consist of fine to medium sand and 
are very much potential. In general clay predominates in the western part of 
the area whereas granular zone attains distinct thickness as we move towards 
east and depicts a single aquifer system down to a depth of 166.0 m b.g.l. 
Sand percent map: 
To identify the lateral extents and thickness of sand in the study area, 
sand percent map (Fig. 18) has been prepared from the aquifer materials 
collected from the various bore holes drilled all over the area down to a 
maximum depth of 120 m b.g.l. 
For this purpose the area under investigation has been categorised into 
five sand percent zones viz. (i) <20 (ii) 20-40 (iii) 40-60 (iv) 60-80 and (v) 
>80. 
The value of sand percent varies from place to place in the study area. 
The zone around Jirauli Dor at the north western end of the area evinces the 
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lowest percentage of the granular zone and contrary to it in the eastern, 
northern and southern part of the area the percentage exceeds >80. In Aligarh 
city the granular formation ranges between 40-60%. Near the Upper Ganga 
Canal it ranges from 60 to 80%. Maximum sand percent is recorded at 
Talaspur near the Sengar river. It is inferred from the sand percent map that 
granular zone increases in thickness in between the central depression and 
western end of the eastern upland. 
GRAIN SIZE ANALYSIS OF RIVER SEDIMENTS AND AQUIFER 
MATERIALS: 
The economic development and the utilization of groundwater 
resources require an understanding of the factors that govern the hydraulic 
transmission of the groundwater through an aquifer. One of the important 
quantitative measures of such transmission is the permeability. The 
permeability which may be considered as a measure of the ease with which 
water flows through a given porous medium, which depends both upon the 
physical properties of flowing water and the characteristics of the 
transmitting medium. In many natural occurrences, however, the physical 
properties of the flowing are practically constant so that the permeability 
may be considered to be a function of properties of medium alone. 
Several studies have shown that the permeability of the sand can be 
correlated with the square of grain size parameters. 
Graton and Fraser (1935) measured the porosity of spheres in cubical 
array as 47.6% and rhombohedral array as 26%, which is the most stable 
array. 
Krumbein and Monk (1942) studied the effect of both particle size 
and sorting in artificially mixed sand. They expressed their results in the 
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following semi-empirical equation. 
K = 760 d V ^% 
where, k = Permeability in Darcys 
d = geometric mean diameter 
e = dimension less constant 2.718 
CT = log standard deviation of size distribution (dimension less) 
760 = A constant for the conversion of permeability units to 
Darcys 
Bedinger (1961) developed a correlation between the laboratory 
permeability values and median grain size in which he found that a straight 
line relation existed between the logarithm of the permeability and the 
median grain size diameter. The result obtained revealed that the 
permeability expressed in gal/ftVday ranges from 9000 for very coarse 
sands to about 10 for very fine sands. 
Johnson (1963) carried out an experimental work similar to Bedinger 
and his result, also closely similar with those of Bedinger. 
Preuss and Todd (1963) tried to relate the specific yield to physical 
properties of sediment samples including representative grain size diameter 
and a uniformity coefficient. As a result they found that the uniformity 
coefficient (CU) used to describe grading or particle size distrii3ution in 
the aquifer material where as the median grain size (dj^ ) was best studied as 
a measure of representative grain diameter. The uniformity coefficient used 
to describe the sample was defined as follows -
CU = d,/d,„ 
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where. 
Screen size (d^^) = Size of sieve which separates 40% cf coarser 
materials or grain size 60% finer by weight. 
Effective Size (dj^ ) = Size of sieve which separates 90% of coarser 
materials or grain size 10% finer by weight. 
The result of the study depicts maximum value of specific yield 
observed for dj^ , between 0.4 to 0.5 mm and the specific yield decreases for 
the values of dj,, out side this range. They also revealed that in general, when 
the magnitude of uniformity coefficient increases the specific yield will 
decrease. 
Cohen (1963) has done a work similar to Preuss and Todd, and his 
results were similar to those of Preuss and Todd. 
Masch (1966) concluded that the permeability values increases with 
the increasing values of the median grain (dj^ ) diameter. 
Uma et al. (1989) has established a new statistical method for the grain 
size to evaluate the hydraulic conductivity (k) of the sandy aquifers which 
are as follows : 
k = A (d,,)2 
where k = hydraulic conductivity 
A = constant 
d,Q = effective grain size 
The value of A is established as 6 for sandy aquifers. 
In the study area, sand samples from both the banks of river kali as 
well as aquifer materials were collected from drilling sites for the 
mechanical analysis of grain size distribution. 
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The equipments required for sieve analysis includes 
1. Small hot plate for drying the samples 
2. A set of standard testing sieve. 
3. An accurate physical balance for weighing the sand samples 
Methodology: 
The grain size distribution of the formation or aquifer material can be 
determined by conducting a mechanical analysis, which consist of separation 
of grains of various size groups by passing through a set of standard sieves. 
The purpose of the mechanical analysis is to obtain graphic data about grain 
size distribution. Size analysis has been used in determining, if a sand will 
contain water. 
For this purpose a 100 gm representative sample was taken in the 
laboratory by coning and quatering, oven dried and exact weight poured into 
the top sieve and covered with a lid. The whole nest was shaken through 
electrical sieve shaker for about 5 minutes and the materials retained on 
each sieve and bottom pan is accurately weighted and the data obtained were 
statistically analysed (Appendix II). The percentage of material passing 
through each sieve gives a point on the grading curve (Raghunath, 1987). 
The grading curves were plotted on a semilog paper (Fig. 19a-g)) and the 
following parameters were determined. 
Effective particle size (d^,): 
The effective size d,Q is the size corresponding to 10% of the material 
being finer and 90% coarser. It is accepted that dj^  is the most important 
parameter among those governing the permeability properties of porous 
medium (Marsely, 1986). 
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Fig. 19a. Grading curves of the kali sediment (Left bank). 
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Fig. 19b. Grading curves of the kali sediment (Right bank). 
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Fig. 19c. Grading curves of the aquifer samples. 
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Fig. 19d. Grading curves of the aquifer samples. 
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Fig. 19e. Grading curves of the aquifer samples. 
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Fig. 19f. Grading curves of the aquifer samples. 
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Fig. 19g. Grading curves of the aquifer samples. 
Determination of Uniformity Coefficient (UC): 
It is defined as the ratio of the grain size, i.e., 60 percent finer by 
weight dgg, to the grain size, i.e., 10 percent finer by weight d,Q. Uniformity 
coefficient of a sediment is a measure of how well or poorly sorted it is 
and given as follows. 
UC = d J d , , 
A sample with lower values (UC<2) indicates more uniform material 
or poor grading while higher values show well graded material and is 
indicative of lower porosity, that is, wider the range in size lower is the 
porosity (Raghunath, 1990). 
Determination of coefficient of permeability: 
The coefficient of permeability or hydraulic conductivity was evaluated 
by using the formula of Uma et al. (1989). Based on the gradient of graphs 
a value of 6.0 is assigned for sandy aquifers. The relating equation between 
k and d^ ,Q is thus given as 
k = A (d,„)^ 
where k = hydraulic conductivity 
A = constant having value of 6.0 for sandy aquifers 
d,p = effective grain size 
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TABLE-6 
The results of the above parameters are given in the following table. 
S.No. Location 
1. 
a. 
b. 
2. 
a. 
b. 
3. 
4. 
5, 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
Kali River 
(NearMirpur) 
Depth 30 cm 
Depth 60 cm 
Kali River 
(Near Bhabhigarh) 
Depth 30 cm 
Depth 60 cm 
Chuawali 
Mahrawal 
Bhagwangariii 
Pikhlauni 
Khangarhi 
Dhanipur 
Khan Alampur 
Harduaganj 
Allahdadpur 
Ajitpur Asana 
Effective 
grain size 
(mm)d,o 
0.09 
0.09 
0.096 
0.07 
0.071 
0.07 
0.066 
0.124 
0.066 
0.07 
0.065 
0.068 
0.084 
0.068 
Uniformity 
coefficient 
1.71 
1.48 
1.59 
2.0 
1.91 
1.83 
2.03 
1.85 
1.88 
1.9 
2.15 
2.0 
1.54 
1.99 
Hydraulic 
conductivity 
cm/sec 
0.048 
0.048 
0.055 
0.029 
0.032 
0.029 
0.026 
0.092 
0.026 
0.029 
0.025 
0.028 
0.042 
0.0287 
Hydraulic 
conductivity 
m/day 
41.47 
41.47 
47.52 
25.06 
27.65 
25.06 
22.46 
79.49 
22.46 
25.06 
21.6 
24.: 9 
36.29 
24.19 
The above table depicts that the effective grain size (dj^ ) of the aquifer 
materials ranges between 0.065 to 0.124 mm which indicates that the sand 
size ranges between medium to fine. While the effective grain size of kali 
sediment ranges between 0.07 to 0.096 mm. At Pikhlauni effective grain 
size (dj^ ) is maximum and at Khan Alampur it is minimum. The uniformity 
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coefficient (UC) of the aquifer materials ranges between 1.54 to 2.15. At 
few places the value of uniformity coefficient is more than two and at most 
places it is less than 2 which reveals that the porosity is high i.e., they are 
uniform. The uniformity coefficient of the kali sediment ranges between 
1.48 to 2.0 which indicates that the sediments of the kali river is highly 
porous. The hydraulic conductivity ranges between 21.6 m/day to 79.49 m/ 
day. The value is higher at Pikhlauni and lower at Khan Alampur. While the 
hydraulic conductivity of the kali river bed sediments ranges between 25.06 
m/day to 41.47 m/day. 
DEPTH TO WATER LEVEL: 
It is to have at a glance picture of the water level in an area, i.e. to 
demarcate the position of water level with respect to land surface in the 
study area, depth to water level maps have been prepared. The water level is 
defined as a water column which stands in a well penetrating the aquifer. 
Therefore, the water level standing in the dug wells are considered accurate 
enough to represent the water level of the area of investigation. 
The depth to water level map depicts the regional variation of depth to 
water level below the ground level, as well as, the recharge and discharge 
areas. The shallower water table indicates a discharge area, where as, the 
deeper water table shows recharge area (Fetter, 1988). 
Depth to water level data of 167 observation wells spread all over the 
area for the month of June and November 1999 were utilized to prepare the 
pre- and postmonsoon depth to water level map of the area keeping 2.0 m 
contour intervals. 
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Premonsoon depth to water level map (June 1999): 
The premonsoon depth to water level map (Fig. 20a) depicts that the 
depth to water level ranges between 2.3 m b.g.l. at Barautha close to the 
Upper Ganga Canal to 17.8 m b.g.l. at Chandpura at the western end of the 
area. However, the shallow depth to water level which ranges between 2.0 
to 4.0 m b.g.l. mainly around the parts of the Upper Ganga Canal. Moreover, 
the deeper water levels ranging between 16.0 to 18.0 m b.g.l. are observed 
along the western upland. 
Post monsoon depth to water level map (Nov. 1999): 
A perusal of the post monsoon depth to water level map (Fig. 20b) 
show that the water level ranges between 1.6 m b.g.l. to 16.7 m b.g.l. at 
Rasulpur. There is a rising trend of water level near the canal, while at 
Barautha a declining trend is observed which may be a resultant of the 
excessive withdrawal of groundwater through numerous shallow tubewells. 
However, all along the Upper Ganga Canal, the depth to water level varies 
from 0-2.0 m. b.g.l. whereas at the western end along the upland area, the 
depth to water level ranges in between 16-18.0 m. b.g.l. The Upper Ganga 
Canal flows along the water shed of the eastern upland (185 to 178 m 
a.m.s.l.) and the western upland w.r.t. to m.s.l. lies between 169 to 172 m 
a.m.s.l. The study shows there is water logging situation due to rise of water 
table all along the canal whereas there is a steep decline of water level all 
along the western upland due to excessive withdrawal of groundwater much 
higher to the quantum of annual recharge. 
WATER LEVEL FLUCTUATION: 
The measurement of water level fluctuation in the observation wells 
is an important aspect of groundwater studies. The groundwater level 
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fluctuates as a function of time and space in response to precipitation. The 
change in water levels are due to the change in storage of groundwater in 
the area. It can also be caused due to excessive withdrawal of water from 
the aquifer much more the quantum of the average annual recharge. 
Topography also plays a vital role on the water table fluctuation. It is 
commonly observed that the water table is deeper at topographic highs and 
shallower at the topographic lows. 
Contrary to it, the annual fluctuation of water table is less in the upland 
and more in topographic lows, with the same amount of rainfall in the area 
which may be attributed to the distinct lithological control. That is why 
where ever the impermeable zone predominates over the granular zones it 
shows lesser fluctuation and at places where the granular zones predominate 
clayey horizons, higher fluctuations are recorded. 
Water level responds to alternating series of wet and dry years in which 
recharge from precipitation is above or below the mean (Walton, 1970). 
Thus the sub surface outflow or inflow component of groundwater makes 
this difference. 
The water table fluctuations in the study area, are the level differences 
in the pre- and post monsoon water levels. These differences of water level 
suggest a seasonal pattern fluctuations. These resulted from influence of 
rainfall infiltration, evaporation, bank storage effects near streams, canal 
seepage and irrigation pumpage that follow well defined seasonal cycles. 
For this purpose water level fluctuation map (Fig. 21) has been prepared. 
Map shows the positive fluctuations (rise) during November in the year 1999 
and ranges between 0.1 to 1.9 meter. The maximum rise of 1.9 meter was 
recorded at Daulatpur and minimum 0.1m was observed at Kidhra. The 
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fluctuation is high in both eastern and southern portion probably due to 
predominance of granular zones whereas lowest fluctuations was observed 
along the western upland probably due to predominance of impermeable 
horizons. Along the canal, fluctuation is high in southern portion and low 
in northern portion because of the lithological controls. The high fluctuation 
can be correlated with upland sandy area and low fluctuation because of the 
impervious horizons. 
WATER TABLE CONFIGURATION: 
The study of regional groundwater flow in an area plays an important 
role in the exploration, exploitation and conservation of groundwater 
resources. 
Water level data of the observation wells collected during Premonsoon 
and Postmonsoon 1999 were analysed and the altitudes of the water level 
with reference to the mean sea level were worked out. The reduced levels 
of the water table with reference to mean sea level were plotted on a map 
with contour interval of 1 meter (Fig. 22a & b). 
In a water table contour map convex contours indicate area of 
groundwater recharge, while concave contours are associated with 
groundwater discharge areas (Todd, 1980). Moreover, the convergence of 
flow line depicts the area of discharge and divergence of flow line indicates 
area of recharge (Fetter, 1980). The elevation of water table ranges from 
173.0 m. a.m.s.l. in the north-west to 168.0 m a.m.s.l. in the south-east 
respectively. Along the Upper Ganga Canal the altitude of water level varies 
from 185.0 m. a.m.s.l. in north-west to 178.0 m. a.m.s.l. in the south-east, 
which shows regional groundwater flow from north-west to south-east. 
Besides, regional groundwater flow there are some local groundwater flows. 
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Local flow: Groundwater from mound (M,) fTows.due east towgif^ .s the river 
kali which shows that the kali is effluent in nature? On the other hand 
groundwater also flows due west which joins the trough (T^). 
The premonsoon water level contour map (Fig. 22a) shows that there 
occurs five groundwater mounds (Mj-Mj) in which two mounds are developed 
close to the Upper Ganga Canal due to the excessive seepage through the 
canal beds into the top water bearing zone. Moreover, there are three more 
mounds away from the canal is reported in which two fall in north-western 
end and one at the south-western end of the area. There are also three major 
troughs (Tj-Tj), close to the city in the western part of the area, in which T3 
is the biggest. These troughs are the resultant of excessive withdrawal of 
groundwater much higher than the average annual recharge. 
Moreover, groundwater flow direction shows that there are heavy on 
rush of groundwater to these three troughs, it appears there had been no 
source of recharge like present Upper Ganga Canal. The rate of decline 
must have been too high and the area of troughs should have overlapped 
larger part of the study area. 
The slope elevation and disposition of groundwater contours appears 
to be rather normal for the alluvial tract. At places contours are widely 
spaced indicating flat gradient and higher hydraulic conductivity of the top 
surface aquifer materials. However in the central part of the area and near 
the canal, the contours are found with narrow spacing i.e. the hydraulic 
gradient is very steep. The steep gradient is due to the presence of low 
permeability horizons (Todd, 1980). Closely spaced contours show clayey 
beds which has been supported by soil map, fence diagram and sand percent 
map of the study area. The hydraulic gradient varies from 0.47 m/km. to 
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4.67 m/km. 
The post monsoon water level contour map (Fig. 22) shows distinct 
groundwater mound but there is observed no change in the area occupied by 
trough inspite the monsoon recharge which may be attributed that the 
withdrawal is much more than the monsoon recharge. 
Piezometric level map: 
A piezometric level map (Fig. 23) for the period 1999 has been 
prepared considering the cumulative piezometric head of the deep state 
tubewells. The map shows that the pattern of piezometric level contours is 
almost similar to that of water table contour map of June 1999. The 
similarity of two maps are indicative of same source of recharge to shallow 
as well as deeper aquifers. 
GROUNDWATER BEHAVIOUR: 
In order to study the groundwater behaviour with respect to time and 
space, the water levels of key observation wells are used to prepare the 
hydrographs. 
Hydrograph: 
A hydrograph represents a long term change in the trend of water level. 
The hydrographs of the four wells for the period of 1988 to 1998 are shown 
in (Fig. 24a-d)) which are spread over the entire area. Their pre- and 
postmonsoon water levels were regularly monitored (Appendix III). These 
hydrographs indicate that the water level variation is cyclic, showing the 
deepest water level during June and the shallowest during August. There is 
a sharp decline in the water level during November till January. From January 
onward recession in water level is slow, which indicates natural groundwater 
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through steady subsurface outflow, with respect to the regional groundwater 
flow. 
Correlation with rainfall: 
The correlation of the groundwater level with the rainfall during 1990-
1999 were made. The rainfall histogram of Aligarh rain gauge station was 
used to study the relationship between water level changes vis-a-vis 
precipitation. A perusal of the hydrographs and the rainfall histograms (Fig. 
25a-c) of three localities indicate that, there exist a positive correlation 
between the three . Also, the response of water level to rainfall and drought 
is quick. In other words changes in water level is because of the changes in 
the intensity and distribution of rainfall. 
DETERMINATION OF AQUIFER PARAMETERS: 
Isopermeability Map: 
The permeability of a porous and permeable geologic formation is 
defined as its ability to transmit a fluid through the formation. It is one of 
the most important hydrogeological parameters of an aquifer. Accordingly, 
an isopermeability map (Fig. 26) has been prepared to show the permeability 
variations and its pattern in the study area (Appendix VI). 
The specific capacity and drawdown data of the tube wells spread all 
over the area were utilized for the determination of permeability and 
transmissivity by Logan's formula. 
According to Logan (1964) if a well is pumped for such a long period 
that the flow is in steady state, then an approximate estimation of the order 
of magnitude of the transmissivity can be made using the Theim's formula 
for a confined aquifer which can be written as 
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2 7tS 
mw 
where r = radius of pumped well in meters 
r = radius of influence in meters 
max 
S = maximum drawdown in the pumped well in 
mw ' ^ 
meters 
Q = discharge in mVdays 
Further, he stated that the accuracy of calculations depend only on the 
accuracy of the measurement of S^^ (on which well losses may have 
substantial influences) and on the accuracy of the ratio r^Jr^. 
As T^JT^ can not be accurately determined. So, Logan opined that 
logarithm of their ratio is much smaller. Thus, assuming an average 
condition of ratio a value of 3.33 for log ratio was suggested by Logan 
which may be taken as rough approximation. 
Substituting the value in equation (i) we get the Logan's formula as 
under, 
T=1.22Q/S„„ (ii) 
where S^^ is the maximum drawdown in a pumped well. 
According to Kruseman and de Rider (1970) Logan's formula in above 
form may give erroneous result of the order of 50% or more. 
A perusal of the isopermeability map of the area shows that there are 
five. Isopermeability zones viz. 
(i) <25 m/day (ii) 25-40 m/day (iii) 40-55 m/day (iv) 55-70 m/day 
(v) >70 m/day 
The isopermeability map shows that the second zone, which is 25-40 
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m/day is most prominent zone in the study area. It covers the large eastern 
as well as central part. The next predominating zone is 45-55 m/day, which 
occurs in linear patches in the western, southern, northern and a distinct 
zone occur in the eastern part of the area. A large central part of the area 
which extends from east to west shows a distinct low permeability horizon 
(<25 m/day), besides, isolated patches of this zone occur in the north west 
and south west part of the area. The low permeability is attributed to 
predominance of clayey horizons. In general the western part of the area is 
covered by several patches of high permeability zones ranging between 55-
70 m/day and >70 m/day. These zones also occupy considerable part in 
northern and southern part of the area. The high permeability reflcxts the 
predominance of granular zones. 
Isotransmissivity: 
The isotransmissivity map of the area was prepared on the basis of the 
specific capacity index determined through the discharge drawdown data of 
the tubewells in the study area. A perusal of the map (Fig. 27) shows 
transmissivity values ranges between (i) <1000 mWay (ii) 1000-1200 mV 
day(iii)>l200m2/day 
The isotransmissivity map shows that there occurs a small patch in the 
southern part of the area, where the highest transmissivity value was 
observed. The largest area of the study is covered by the transmissivity zone 
of <1000 mVday. This zone occupies the large tract of western, northern 
and eastern side of the area. This zone is followed by 1000-1200 mVday 
zone which occurs as a linear patch in north western part and extend towards 
central part where it occupies a large tract and further continues as a linear 
patch in eastern part of the area. Finally the map shows only two zones 
(<1000 mVday and 1000-1200 mVday) which dominate the area which 
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depicts the higher capacity of transmission values. 
Specific capacity index: 
The specific capacity, besides being an index of well productivity, 
serves also as a parameter of yielding and transmissive capacity of an aquifer 
(Karanth, 1987). The yielding capacity is denoted by an yield factor (or 
specific capacity index) which expresses the specific capacity of the well 
for the unit thickness of the aquifer tapped. 
Specific Capacity Index 
or Specific Capacity 
Yield Factor Thickness of the aquifer 
Based on this formula the specific capacity index was determined from the 
available data of the tubewells of the area, which were subsequently used in 
preparing specific capacity index map (Fig. 28). Accordingly, the study area 
has been divided into five yield factor zones (i) <25 m/day (ii) 25-40 m/ 
day (iii) 40-55 m/day (iv) 55-70 m/day 
(v) >70 m/day. A glance of the specific capacity index map shows that almost 
half of the area is covered by 25-40 m/day zone and is followed by <25 m/ 
day zone where in one distinct linear patch which extend from west to east 
occur in the central part followed by two small patches in the north-western 
and south-western part of the area. 
This zone is followed by 40-55 m/day specific capacity index zone 
which occur as linear patches in the western and southern part of the area. 
However, rest of these zones i.e. 50-70 m/day and >70 m/day occurs as a 
minor patches in the western, southern and northern part of the area. 
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EVALUATION OF AQUIFER PARAMETERS THROUGH PUMPING 
TEST AND DATA ANALYSIS: 
Aquifer parameters viz. transmissivity (T) and storage coefficient (S) 
are essential to conceptualize groundwater flow regime and assessment of 
its potential in an area. These parameters are generally arrived through 
pumping test on bore hole with an observation well (Singh and Thangrajan, 
1998). A pumping test is one of the most useful means of determining 
hydraulic properties of water bearing layers and containing beds. It may 
yield reliable result which, in general, are representative of a larger area 
than are single point observations (Krusman and de Ridder, 1970). 
With the growing needs of water, groundwater resources are being 
expected in a big way, hence evaluation of aquifer parameters ttirough 
pumping test, has become imperative. This in turn requires a reliable 
estimation of hydrogeological parameters. Pumping test of a well may give 
a representative estimate of aquifer parameters valid over a large area 
(Thangrajan & Singh, 1998). 
A pumping test may serve two main objectives. 
Firstly, a pumping test may be performed in order to determine the 
hydraulic characteristics of aquifers or water bearing layers. Such a test is 
often called an "aquifer test" because it is aquifer rather than the pump or 
well, which is tested. 
Secondly, a pumping test may provide information about the yield and 
drawdown of the well. These data can be used for determining the specific 
capacity or the discharge drawdown ratio of the well, for selecting the type 
of pump, and for estimating the cost of pumping. The specific capacity gives 
a measure of the effectiveness or productive capacity of the well. Such a 
pumping test is sometimes called a 'well-test' because it is the well, rather 
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than the aquifer, which is tested. 
The analysis of pumping test data involves transformation of field data 
into calculated values of hydraulic properties of the tested aquifer. On 
completion of the pumping test, all the collected data on well discharge, 
drawdown, recovery in the various observation wells and the pumped well 
with time, pretest water level, trend etc. are processed. 
Description of the Method: 
The nonequilibrium formula introduced by Theis (1935) is widely used 
for analysing the pumping test data and for determining the hydraulic 
properties of an aquifer. Theis studied the transient cone of depression 
around a discharging well and developed a mathematical method to determine 
the transmissivity and storativity from the rate of drawdown (Clebsch, 1994). 
This methodology allowed the determination of insitu hydraulic properties 
of aquifers and the prediction of the response, such as drawdown with time 
and distance, of groundwater systems to pumping (Back & Herman, 1997). 
The equation which Theis developed specifically for confined aquifer 
has the following form. 
or 
or 
S = 
S = 
where u = 
S = 
/ " e " du/u 
47tT 
QMTIT W(U) 
r^ SMTtT 
4Ttu/r2 
(1) 
•(2) 
(3) 
where. distance in meters of an observation well from the 
pumped well. 
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s = the drawdown in meters in an observation well located 
at a distance r from the pumped well. 
Q = the constant well discharge in m^/day 
S = storativity 
T = transmissivity in mVday 
t = the time since pumping started 
w(u) = well function of u 
w(u) = [-0.5772 - In u + u - uV2.21 + uV3.31 - uV4.41 + —] ...(4) 
For the use of Theis method following assumption and limiting conditions 
should be satisfied. 
1. The aquifer is homogenous, isotropic, of uniform thickness and of 
infinite areal extent. 
2. Before pumping, the piezometric surface is horizontal. 
3. The vvell is pumped at a constant discharge rate. 
4. The pumped well penetrates the entire aquifer and flow is everywhere 
horizontal with in the aquifer to the well. 
5. The well diameter is infinitesimal to that storage with in the well can 
be neglected. 
6. Water removed from the storage is discharged instantaneously with 
decline of head. 
Cooper-Jacob Method of Solution: 
It was noted by Cooper and Jacob (1946) that for small values of r and 
large values oft, u is small so that the equation 
Q 
S = w(u) can be simplified and expressed 
47cT 
63 
as 2.30Q 2.25Tt 
S - log (5) 
47iT r^ S 
Thus, a plot of drawdown 's' verses logarithmic of time t, forms a straight 
line equation which can further be solved to give 
2.25 Tt^ 
S = (6) 
r 
& 
2.30 
T = (7) 
47tAs 
where t^  = time in days corresponding to interception of straight 
line with axis, where s = 0 
AS = slope of straight line in meters or difference of 
drawdown over one log cycle. 
By plotting time verses drawdown on a semi-logarithmic paper (time 
on log scale) a straight line is fitted by discretion. 
The slope of straight line and its intercept on axis, S = 0 are substituted 
in equation (6) and (7) for the determination of transmissivity and storativity. 
RECOVERY TEST: 
At the end of the pumping, when the pump is stopped, the water levels 
in pumping and observation wells will began to rise. This is referred to as 
the recovery of groundwater levels, while measurements of drawdown below 
the original static water level (prior to pumping) during the recovery period 
are known as residual drawdown (Appendix VII). 
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It is good practice to measure residual drawdowns because analysis of 
the data enable transmissivity to be calculated, thereby providing an 
independent check on pumping test results. 
If a well is pumped for a known period of time and then shut down, the 
drawdown thereafter will be identically the same as if the discharge had 
been continued and a hypothetical recharge well with the same flow were 
superposed on the discharging well at the instant the discharge is shut down. 
From this principle Theis showed that the residual drawdown s' can be given 
as 
Q 
s' = [w(u)-w(u')] (8) 
47iT 
where 
r^s r^s 
u = andu'= (9) 
47rT 4Tt' 
For small r and large t', the well functions can be approximated by the first 
two terms of Eq. 4 so that equation 8 can be written as 
s' = 2.30 Q/47tT log t/f (10) 
Thus, a plot of residual drawdown s' versus the logarithm of t/t' forms 
a straight line. The slope of the line equals 2.30 Q/4nT so that for As' the 
residual drawdown per log cycle of t/t', the transmissivity becomes 
2.30 Q 
T = (11) 
47iAs' 
No comparable value of s can be determined by the recovery test method. 
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AQUIFER PERFORMANCE TEST: 
In order to determine the aquifer characteristics an aquifer 
performance test was conducted on state tubewell No. 8, Atrauli Block. 
The tubewell was pumped at a constant discharge from a fixed time. After 
the tubewell had been pumped sufficiently long, when the rate of decline of 
water level became feeble, the pump was shut off. During the period of 
pumping water level measurements in the tubewell were taken at regular 
intervals. Again when the pump was shut off recovery reading of the water 
levels were initially taken at one minute intervals, and subsequently at longer 
intervals. Exact time when the pump was started and stopped were precisely 
recorded. Discharge of the tubewell was measured over 90V notch 
(Appendix - Vll). 
The data of pump test were analysed and various aquifer parameters 
were determined which are tabulated below: 
Summary of observation: 
Atrauli 
3544.7616 mVday 
120 minutes 
1. Name of the site 
2. Discharge maintained 
3. Duration of pumping 
Analysis of the data: 
1. Cooper-Jacob method (Fig. 29) the transmissivity comes in order to 
810.989 m^/day. 
2. Theis recovery method (Fig. 30) the value of transmissivity comes in 
order to 810.989 mVday and the hydraulic conductivity is 28.922 m/ 
day. 
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CHAPTER-V 
sf' 
GROUNDWATER RESOURCE EVALUATION 
The motivating force for the study of hydrogeology is its importance 
as a resource (Freeze, R.A. and Cherry, 1979). For the gainful exploitation 
and optimum utilization of any resource it is imperative that it be properly 
quantified. The unplanned exploitation may cause irreparable damage to the 
entire system. This holds good all the more in the case of groundwater 
resources, which is replenishable but not inexhaustible (Karanth, K.R., 
1987). 
The basic objective of groundwater resource evaluation is to estimate 
the total quantity of groundwater resources available, and their future supply 
potential to predict possible conflicts between supply and demand and to 
provide a scientific data base for rational water resources utilization (Earth 
Summit, 1992). 
Therefore, quantification of groundwater resources of an area or basin 
becomes an essential prerequisite for its proper management. Moreover, it 
involves the application of principle of mass-conservation, to account for 
the quantitative changes occurring in various components of hydrologic 
cycle as applied to a basin. 
A river basin forms a close system of surface and groundwater. 
Therefore, it is essential that various aspects of water in transit are 
quantitatively evaluated and definite recommendations in regards to its 
development be made. Accordingly, estimate of groundwater recharge, draft 
and balance of groundwater available was considered to be the important 
and ultimate aspect of groundwater studies in the area of investigation. 
The differences between the recharge and the discharge is balanced by 
the change in groundwater storage. This can be expressed by the water balance 
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equation sometimes referred to as the equation of hydrologic equilibrium. 
I-O = ±AS 
where, 
I Inflow during a given period of time 
O Outflow during a given period of time 
AS is the change in groundwater resource 
When the outflow is much more it creates serious imbalances of 
hydrological situations. Accordingly, a reappraisal of groundwater resources 
of the area of investigation is most desired to keep pace with groundwater 
development. 
An attempt has been made to assess the groundwater potential in and 
around Aligarh city. The area is beset with dual situation of water logging 
and soil salinization along the Upper Ganga Canal and depleting water table 
in Aligarh city and adjoining areas, due to the heavy withdrawal much higher 
to the quantum of the average annual recharge through rainfall. The rate of 
decline has been estimated as 0.36 m/year (Akram, 1987) in the water level. 
Under these situations, the precise evaluation of groundwater resource of 
the area becomes all the more essential to regulate the further withdrawal 
of groundwater to make the judicious use of the available groundwater 
resource and to avail the ill effects. 
In the present study the work has been carried out to determine various 
sources of recharge to groundwater bodies and withdrawal of grour dwater 
through various groundwater structures which are as under: 
GROUNDWATER RECHARGE: 
Determination of groundwater recharge forms an important aspect of 
groundwater resource evaluation. It has been estimated by two methods. 
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the water balance method (Adhoc norms) and the water level flucmation 
method on the basis of the norms laid down by the Groundwater resource 
Estimation Committee (G.E.C. 1997) of the Government of India. The major 
sources of recharge in the study area are as under: 
1. Recharge through rainfall. 
2. Recharge through canal seepage. 
3. Recharge through irrigation return flow 
Estimation of Monsoon Recharge: 
Monsoon recharge of the study area has been estimated by using the 
following conceptual formula (as per G.E.C. 1997). 
(a) Monsoon Recharge = [(Geographical area x specific yield x 
water level fluctuation) + gross 
groundwater draft during monsoon 
period - (Monsoon canal seepage + 
monsoon recharge from surface water 
irrigation + monsoon recharge from 
groundwater irrigation)] 
Normal monsoon rainfall 
+ Monsoon 
Average monsoon rainfall 
recharge from surface water irrigation 
+ monsoon recharge from canal seepage. 
The above mentioned components of monsoon recharge have been computed 
as under 
Geographical Area = 36700 ham 
Water level fluctuation = 1.45 m 
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Specific yield = 
I.M.D. Normal Yearly rainfall 
I.M.D. Normal monsoon rainfall 
IMD Normal non-monsoon rainfall 
The average normal monsoon rainfall 
of the observation years (1994-1999) = 
16% 
627.70 mm 
565,1 mm 
42.90 mm 
686.97 mm 
In order to estimate the change in groundwater storage, the total area has 
been multiplied by specific yield and the seasonal water level fluctuation. 
The specific yield in the area has been taken as 16%. The seasonal water 
level fluctuation has been worked out, based on the levels recorded during 
pre and post monsoon periods. In the observation year (1994-99) the water 
level fluctuation thus computed for the area comes to the order of 1.45 m. 
Estimation of Gross Monsoon Draft: 
As the information on pumping hours of groundwater structures 
separately for the monsoon period was readily available, it comes to the 
order of 1642.67 ham. 
Monsoon recharge = [(36700x0.16x1.45) + 1642.67 - (294.05 + 363.97 
+ 628.06)] X 565.1/686.97+363.97+294.05 
= [(8514.4)+1642.67-(1286.08)]x0.8167+658.02 
= [8870.99] X 0.8167+ 658.02 
= 7902.96 ham 
Non-Monsoon Recharge 
Non Monsoon Recharge estimated for the basin is given below 
Geographical Area = 36700 ham 
IMD Normal Non monsoon rainfall (RF) = 42.90 mm 
Infiltration factor (IF) = 25% 
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Non-monsoon rainfall recharge 
(a) 
Total Non Monsoon Recharge 
Areaxlnfiltration factorx RF 
10^  
36700x0.25 x 42.90 
W 
= 393.608 ham 
= (a + canal seepage + irrigation 
return flow + tank seepage) 
= 393.608+852.3+681.18+4.1167 
= 1931.20 ham 
Recharge through irrigation return flow: 
For this purpose, the irrigated area and volume of water applied for 
irrigation are taken into consideration for working out the total volume of 
water applied, of which 30% is assumed to return to groundwater bodies. 
Cropwise return seepage in the area has been calculated in the area which is 
as follows: 
TABLE-7 
Showing Recharge from surface water irrigation 
S.No. 
1 
1. 
2. 
3. 
4. 
Crop type 
2 
KHARIF 
RABI 
ZAIDI 
ZAID II 
Area 
irrigated 
ha. 
3 
2085.0 
3989.0 
675,0 
675.0 
Average 
wetted 
depth (m) 
4 
0.4 
0.4 
0.15 
1.0 
Irrigation 
water 
applied 
ham 
5 
834.19 
1595.6 
101.0 
675 
Seepage 
factor 
(%) 
6 
40 
30 
30 
30 
Total 
See 
Non 
monsoot 
(ham) 
7 
-
478.68 
-
202.5 
681.18 
page 
Monsoon 
(ham) 
8 
333.67 
-
30.3 
-
363.97 
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The total quantum of the irrigation return flow is computed to be 1045.15 
ham. 
Quantum of recharge due to canal seepage: 
Estimation of seepage from canal is computed, based on their wetted area, 
running days and seepage factor (15 ham/day/10* sq.m. wetted area), 
(a) Recharge through Upper Ganga Canal: 
Monsoon Recharge 
Total length 
Average wetted perimeter 
Average running days during monsoon 
Applied seepage factor 
= 16750.0 m 
= 15.27 m 
= 70 days 
= 15ham/day/10*sq.m. 
Per day seepage = 
Applied seepage factor (Total length x Av. wetted perimeter) 
10« 
15 X (16750 X 15.27)/10<^  
= 3.8365 ham 
Total Monsoon Seepage 
Non-monsoon Recharge 
Total length 
Average wetted perimeter 
Non-monsoon running days 
Applied seep^e factor 
Per day seepage 
Per day seepage x Average Running 
days during monsoon 
3.8365x70 = 268.56 ham 
16750.0 m 
15.27 m 
200 
15 ham/day/10* sq.m. 
3.8365 ham 
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Total Yearly Recharge 
Total Non-monsoon seepage = Per day seepage xAv. running days 
during non-monsoon 
= 3.8365 X 200 
= 767.3 ham 
= Total Monsoon Seepage + Total non-
monsoon seepage 
= 268.56 + 76.73 
= 1035.86 ham 
(b) Recharge through Distributaries: 
Monsoon recharge: 
Applied seepage factor 
Total length 
Average wetted perimeter 
Monsoon running days 
Per day seepage 
Total monsoon seepage 
Non-Monsoon Recharge: 
Applied seepage factor 
15 ham/day/10* sq.m. 
4775.0 m 
9.16 m 
= 30 days 
= 15x(4775x9.16)/10« 
= 0.6560 ham. 
= 0.6560 X 30 
= 19.68 ham. 
15 ham/day/10* sq.m. 
Total length 
Average wetted perimeter 
Running days 
Per day seepage 
Total Non-monsoon seepage 
4775.0 m 
9.16 
100 
0.6560 
0.6560x100 
65.60 ham 
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(c) 
Total yearly recharge 
Recharge through Minors 
Monsoon recharge: 
Applied seepage factor 
Total length 
Average wetted perimeter 
Average days 
Per day seepage 
Total monsoon seepage 
Non-Monsoon recharge: 
Applied seepage factor 
Total length 
Average wetted perimeter 
Running days 
Per day seepage 
Total Non-monsoon seepage 
Total yearly recharge 
Total Monsoon Recharge 
from canals 
Total Non-monsoon recharge 
from canals 
Recharge from Tanks: 
1. 
2. 
3. 
Number of tanks 
Water spread area 
Seepage factor 
= 65.60 + 19.68 
= 85.28 ham 
= 15 ham/day/10^ sq.m 
= 5300 m 
= 2.44 m 
= 30 days 
= 0.1938 ham 
= 5.81 ham 
= 15 ham/day/10* sq.m. 
= 5300 m 
= 2.44 m 
= 100 days 
= 0.1939 ham 
= 19.39 ham 
= 5.81+19.39 
= 25.2 ham 
= 268.56+ 19.68 + 5.81 
= 294.05 ham 
= 767.3+65.60+19.39 
= 852.3 ham 
= 42 
= 27.32 ha. 
= 55 m/year 
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4. Total monsoon recharge (ham) = 5.02 (Retention period 122 days) 
Recharge from subsurface inflow: 
It has been assumed that inflow to the area balances the outflow from 
the area hence recharge due to subsurface inflow has not been estimated. 
Total Annual Recharge available 
Monsoon recharge + Non-monsoon recharge + Recharge from tanks 
= (7902.96+294.05) + (852.3+1931.20) + (5.02) 
= 10985.53 ham 
The gross groundwater recharge in the entire area is estimated as 10985.53 
ham. 
Net annual recharge available for development 
85% of the total annual recharge = 9337.70 ham 
GROUNDWATER DISCHARGE OR DRAFT 
The discharge of groundwater in the area mainly takes place through 
state tubewells, shallow farmers tubewells, handpumps etc. A large quantity 
of groundwater joins the bounding rivers. However the discharge or base 
flow into the rivers/streams is not taken into consideration due to the lack 
of data and it is assumed that the discharge to rivers/streams and out flow 
from the area of investigations is equal to the subsurface inflow into the 
area of study. 
The groundwater discharge in the study area has been estimated by 
multiplying number of each type of groundwater structures with its unit 
draft worked out by state groundwater department of U.R A perusal of the 
(Table 8) shows the discharge in the study area. 
Total annual draft = 10229.10 ham 
Net annual draft 70% of the gross annual draft 
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Net annual draft = 7160.37 ham 
Utilizable groundwater resource potential 
Net recharge - Net draft 
9337.70 - 7160.37 ham 
2177.33 ham 
The above evaluation of groundwater resource shows that there is large scope 
for further development of groundwater through deep tubewells to ensure 
the continued availability of water supplies to Aligarh city which is very 
well indicated in the table 9. 
Stages of groundwater development: 
Stage of groundwater development 
Net groundwater draft 
Net groundwater recharge 
xlOO 
7160.37 
9337.70 
= 76.68 
xlOO 
In order to determine the stage of groundwater development in the study 
area. The National Bank for Agricultural and Rural Development 
(NABARD's) norms have been taken into account which are as follows. 
TABLE-10 
Stage of Development 
< 65% 
65-85% 
> 85% 
Category 
White or safe 
Grey or semi critical 
Dark or critical 
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In the area of investigation 76.68% of the dynamic groundwater resource 
has been developed. Hence it falls under the Grey or semi critical category. 
The study shows that there is a balance of 2177.33 ham water resource 
which is left for further development in the study area through various 
shallow and deep tubewells. However, the declining trend of the groundwater 
level in Aligarh city needs to be arrested through a recharge canal, in which 
at every 100m length of canal, a 10 m deep and 1.0 m dia open wells be 
constructed in the bed of the recharge canal itself, in order to recharge the 
top aquifer system which will lead to control the declining trend of 
groundwater levels. Moreover, it is suggested further that in the area away 
from the recharge canal, shallow recharge tubewells be constructed at 
intervals to recharge the depleting top aquifers. Thus an approximate balance 
between recharge and discharge will be maintained in the city. Moreover, 
some more tanks be constructed and various existing tanks be cleaned and 
further deepened to contain the storm flow and to recharge the groundwater 
bodies. Besides, roof-top rainwater harvesting be practiced so that the water 
collects be first passed through a sand filter and finally through a pipe into 
the top aquifer. These suggested measures if brought into practice will go a 
long way in gradually containing the declining trend of the groundwater 
levels in Aligarh city positively. __ ,, „ 
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HYDROCHEMISTRY 
Water is extensively used as a natural resource for drinking, industrial 
and agricultural purposes. Much greater importance has been given to 
groundwater quality over the past decade due to increasing reliance on 
groundwater, and the realization, that once contaminated, it is difficult, 
expensive and sometimes impossible to restore this natural resource to its 
original state. 
The chemical, physical and biological parameters determine the 
usefulness of water for various purposes. Moreover hydrochemical study 
gives an important indication of the geologic history of the enclosing strata, 
the velocity and direction of water movement. 
Thus it is now, generally, recognised that the quality of groundwater is 
just as important as its quantity (Todd, 1980). The water quality is important 
not only because of its linkage to the availability of water for various uses 
and its impact on public health but also, because of water quality has 
intensive value. The quality of life is often judged on the availability of 
pristine water. 
Water is called "the universal solvent" because of its extraordinary 
ability to dissolve the substances. In fact, it dissolves more substance in 
greater quantities than any other liquid (Fletcher, 1987). Water becomes 
impure due to the percolation down through various lithologies, it undergoes 
soil water interaction until a quasi-chemical equilibrium is reached between 
the groundwater and the minerals in the soil. This ability of water to dissolve 
minerals determine the chemical nature of groundwater (Fletcher, 1987). 
The occurrence and widespread migration of chemical contaminants in the 
underground environment may ultimately become the most serious threat 
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to groundwater quality. As groundwater moves along its flow paths in the 
saturated zones it increases the total dissolved solid due to the presence of 
carbon dioxide by which the most important acid HjCOj is produced in the 
soil zone (Freeze and Cherry, 1979). 
Domenico (1972), also noted that groundwater chemistry changes with 
depth. He found that shallow aquifers are characterized by low dissolved 
solids and high bicarbonates, the intermediate aquifer is characterized by 
sulphate dominance while in the deeper aquifer chloride ion (CI) 
predominates with high concentration of total dissolved solids. Briefly the 
chemical quality of groundwater is an index of its complex flow history. 
Groundwater quality problems can only be resolved using a more holistic 
approach to agricultural management and management of industrial effluents. 
Moreover, safe drinking water is a basic necessity of all human beings as 
the 80% disease are reported to be simply water borne (United Nation, 1992). 
The major constituents in groundwater occur mainly in ionic form and 
are commonly referred as N&\ K^ C&\ Mg*^, CI", HCOj', COj- ,^ and SO/^ 
which comprises more than 90% of the total dissolved solids in the water 
(Freeze and Cherry, 1979). A typical analysis of water samples has been 
carried out to evaluate the groundwater quality as well as the 
interrelationship between surface water and groundwater quality. In order 
to study the groundwater quality in Aligarh city and adjoining areas, 96 water 
samples were collected during June 1999 from different groundwater 
structures, such as dug wells shallow and deep tubewells. Besides surface 
water samples were also collected from Upper Ganga Canal, Kali river and 
some ponds. In all, 72 water samples were analysed for major ions and 28 
water samples for trace element studies. 
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Method of sampling: 
The validity of chemical analysis reflects the care with which the water 
samples were obtained in the field (Fletcher, 1987). Water samples were 
collected in well cleaned polyethylene bottles of one litre for major ions 
and duly acidified one litre polyethylene bottle with 10 ml 0.6N ll^<0^ for 
trace element studies, water samples were capped and sealed with wax 
instantly in the field. 
Analytical Procedure: 
The physico-chemical characters of water samples were determined 
(Appendices VI11-A,B,C & IX-A,B,C) as per the standard methods (APHA, 
1992; Jackson, 1985; and Goel, 1984) in the laboratory of the Department 
of Geology, A.M.U., Aligarh. The following table shows some physical 
properties, major ions and trace elements and their analytical methods. 
TABLE-11 
CONSTITUENTS 
Physical properties 
pHandE.C. 
Major Ions 
CO3•^ HCO3-, Ca'S Mg"^Cl• 
Na% K" 
S 0 ; \ TDS 
F-, N O ; 
Trace Elements 
Pb, Cu, Zn, Cd 
Co, Ni, Cr, Mn 
METHODOLOGY 
Electric kit & pH meter 
Volumetric (lltration) 
Flame Photometer 
Gravimetric 
Spectrophotometer 
Voltameter 2000 
Atomic absorption 
spectrophotometer 
LABORATORY 
Geology Department 
II II 
II It 
II II 
II II 
II II 
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During the analysis of cations and anions reaction errors may be caused by 
some analytical errors of individual parameters and the fact that all possible 
ions are commonly measured (Emanuel Mazor, 1997). 
PHYSICAL PROPERTIES 
Hydrogen Ion Concentration (pH): 
The pH is one of the most important operational water quality 
parameters as it influences many chemical and biological processes within 
a water body. It is a measure of the acid balance of a solution and is defined 
as the negative of the logarithm to the base 10 of the hydrogen ion 
concentration. The pH values ranges from 0-14 (i.e. very acidic to very 
alkaline), with pH < 7 indicates an acidic solution. However a pH > 7 
indicates an alkaline solution and with pH 7 shows a neutral condition where 
H^  and OH" ions have the same concentrations. The pH of the natural water 
is most often controlled by the balance between the carbon dioxide, 
carbonate and bicarbonate ions (Fletcher, 1987). In as much as the solubility 
of carbon dioxide changes with pressure and temperature, so temperature 
plays an important role in determining the pH. Very high pH values (>8.5) 
are commonly associated with sodium-carbonate-bicarbonate waters. 
Moderately high pH values with waters high in bicarbonates and low values 
(<4.0) are associates with water containing free acids derived from 
oxidizing sulphide minerals. 
The desirable limit of pH for drinking water, as given by the W.H.O. 
(1984) is 7.0 to 8.5 while the maximum permissible level is given as 6.5 to 
9.2. The pH values of the water sample in the study area vary from 7.73-
8.94 which indicates that the groundwater is slightly to moderately alkaline. 
The highest value (8.94) was recorded at Lai Diggi, whereas the lowest value 
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(7.25) was observed at Morthal. Thus the pH values in the area of 
investigation falls with in the permissible limit. 
Electrical Conductivity (^mhos/cm at 25°C) 
The electrical conductivity is defined as reciprocal of the electrical 
resistance of one cubic centimeter material at 25°C. It is a function of 
temperature, type of ion present and concentration of various ions. The 
specific conductance readings are usually adjusted to 25°C, so that variations 
in conductance are a function only of the concentration and type of dissolved 
constituents present. 
The electrical conductivity with 400 ^mhos/cm at 25°C is considered 
suitable for human consumption (WHO, 1984). While more than 1500 
^mhos/cm at 25°C may cause corrosion of iron structures. 
The electrical conductivity values in the area vary between 200 ^ imhos/ 
cm at 25°C to 2000 jimhos/cm at 25°C where the highest value was recorded 
at Hardaspur, Nanda Wajidpur and Hajipur and the lowest was observed at 
Hardua. The electrical conductivity map (Fig. 31) of the study area shows 
that major part of the area falls in 250-750 p.mhos/cm range. 
MAJOR IONS: 
Groundwater contains dissolved ions acquired initially as precipitation 
falls through the atmosphere and later as the water moves through the soil 
and sediments underlying the land surface. Dissolved ions vary in type and 
concentration due primarily to the composition and the solubility of the 
various deposits that the water encounters and the length of time that the 
water remains in contact with these deposits. Temperature, Pressure and 
pH also effect dissolution rates and concentration of dissolved ions. 
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Carbonate: 
The primary source of carbonate ion in groundwater is the dissolved 
carbon dioxide in rain which, as it enters the soil, dissolves more carbon 
dioxide. An increase in temperature or decrease in pressure causes reduction 
in the solubility of carbon dioxide in water. 
The carbonate concentration in shallow as well as in deeper aquifer 
waters were found to be varying from 13.0 ppm - 52.0 ppm. In the surface 
water sample it ranges from 13.0 ppm to 39.0 ppm. The higher values were 
recorded at Panjipur, Naugawan Arjuna, Khera Khushkpur, Mahuwa Khera 
and Harsana Ki Sarai. 
Bicarbonate: 
Most carbonate and bicarbonate ions in groundwater one derivijd from 
the carbon dioxide in the atmosphere carbon dioxide in the soil and solution 
of carbonate rocks. The presence of bicarbonate influences the hardness 
and alkalinity of water. 
Bicarbonate in the groundwater is an indicative of the partial pressure 
of carbon dioxide in the soil, consequently, it shows wide fluctuation. The 
water containing 600 ppm of bicarbonate is considered fairly safe and good 
for domestic and irrigation purposes (WHO, 1984). The concentration of 
bicarbonate in water samples shows a wide variation which ranges between 
39.0 - 468.0 ppm. Maximum concentration was recorded at Harsana Ki Sarai 
and at Tar Banglow on the western upland of the study area whereas the 
lowest concentration is observed at Daula Nirpal in the central depression 
of the study area which indicates that the overall concentration is well with 
in the limits. 
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Chloride: 
Chloride in drinking water originates from natural sources, sewage 
and industrial effluents, urban run-off containing de-icing salt and saline 
intrusion. The main source of human exposure to chloride is the addition 
of salt to food, and the intake from this source is usually greatly in excess 
of that from drinking water. 
The highest desirable and maximum permissible limit of chloride for 
drinking water is 250 ppm and 1000 ppm respectively (ISI, 1983). But the 
W.H.O. (1984) suggested the maximum permissible limit as 600 ppm. 
However, water containing less than 150 ppm chloride is satisfactory for 
most purposes while higher chloride water may affect the kidney tissues of 
the infants. 
All chloride salts are highly soluble, so chloride is rarely removed 
from water by precipitation except under the influence of freezing or 
evaporation. Chloride is also relatively free from effects of exchange 
adsorption and biological activity. Thus if water contains chloride, it is 
difficult to remove it through natural processes. 
The concentration of chloride in the water samples taken from shallow 
and deep tubewells ranges between 11.36 to 340.8 ppm and 14.2 to 124.96 
ppm where as in the surface water it varies from 8.52 to 89.0 ppm. Except 
at few places, chloride content is well within permissible limit. (Fig. 32) 
shows the chloride distribution pattern in the study area as mentioned above. 
Sulphate: 
Sulphate is naturally present in the water as SO/^. It is the stable, 
oxidized form of sulphur and is readily soluble in the water (\^ith the 
84 
exception of lead, barium and strontium sulphate which precipitates). 
The sulphate content of atmospheric precipitation is only about 2 ppm 
but a wide range in sulphate content in groundwater is made possible through 
oxidation, precipitation, solution and concentration as the water traverses 
through different lithologies. 
Sulphate is one of the least toxic anions; however, catharsis, 
dehydration and gastrointestinal irritation have been observed at high 
concentrations. Indian Standard Institution has suggested the highest 
desirable and maximum permissible limit of sulphate as 150 ppm and 400 
ppm. But if the limit of sulphate exceeds 250 ppm it may cause 
gastrointestinal irritation (Raghunath, 1982). The excess of sulphate (>250 
ppm) may also cause bitter taste and may have laxative effect at higher level 
(W.H.O., 1984). The sulphate concentration in the water sample of study 
area taken from shallow and deep aquifers ranges between 42.79 ppm to 
316.0 ppm and 82.3 ppm to 329.0 ppm respectively where as the samples 
of surface water show a variation from 86.41 ppm to 170.0 ppm. The 
maximum concentration was observed at upper-kot which is located on 
upland. The concentration of sulphate in water samples shows that by and 
large sulphate is well within the permissible limits. 
Sodium: 
All natural water contains measurable amount of sodium and it is one 
of the most abundant element on the earth. The most significant and 
important source of sodium in groundwater, with concentration of over 50 
ppm of sodium, are the precipitates of sodium salts impregnating the soil 
in shallow water tracts particularly in arid and semiarid regions, sea water 
influx in coastal areas and connate water. Certain clay minerals can increase 
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the sodium content in groundwater by base exchange reaction. 
Most sodium salts are readily soluble in water, but take no active part 
in chemical reactions as do the salts of alkaline earths. For this reason 
sodium salts tend to remain in solution unless extracted during evaporation. 
Sodium content in groundwater ranges from about I ppm in humid and snow 
fed regions to over 100,000 ppm in brines. 
Sodium is considered to be harmful to persons suffering from 
hypertension, cardiac, renal and other vascular ailments, therefore, the 
concentration of sodium should be with in the limit recommended by 
(W.H.O., 1984) as, 200 ppm for drinking water. 
The concentration of sodium in the water samples taken from shallow 
and deep aquifers ranges between 40 to 210 ppm and 22.85 to 160.0 ppm 
respectively. Its concentration in surface water ranges between 60 to 143.0 
ppm. Some samples from shallow aquifer shows a higher concentration. 
However, the concentration of sodium is well within permissible limit. 
Potassium: 
All natural water contain measurable amount of potassium. Two factors 
are responsible for the scarcity of potassium in groundwater one being the 
resistance of potassium minerals to decomposition by weathering (Golditch, 
1938) and other the fixation of potassium in clay minerals formed due to 
weathering. The concentration of potassium ranges from 1 ppm or less to 
about 10 to 15 ppm in potable waters and from 100 ppm to over several 
thousand ppm in some brines. Potassium salts, being more soluble than 
sodium salts, are the last to crystallize during evaporation. 
The concentration of potassium in the water samples taken from 
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shallow and deep aquifers ranges between 10 to 184 ppm and 11.40 to 58.37 
ppm respectively where as the concentration of potassium in surface water 
varies from 4.0 to 16.88 ppm. Minimum concentration was recorded at 
Hardua close to the Upper Ganga Canal. 
Calcium: 
Calcium is one of the most abundant substance of natural water (Trivedy 
and Goal, 1984). It is readily dissolved from rocks rich in calcium minerals, 
particularly as carbonates and sulphates. Calcium, when in the form of 
sulphate in groundwater, can reach a rather high concentration in view of 
its comparatively higher solubility. The solubility of calcium carbonate 
varies widely with the partial pressure of carbon dioxide in the air in contact 
with the water. The salts of calcium together with the magnesium are 
responsible for the hardness of water. Calcium forms an essential element 
for the growth of the human body, which is required between 0.7 to 2.0 
grams/day. 
The maximum permissible limit and highest desirable limit as given 
by I.S.I. (1983) an W.H.O. (1984) is 200 and 75 ppm. The absence or dearth 
of calcium from drinking water causes rickets in children if there is 
deficiency of vitamin D in their diet, on the contrary the excess of calcium 
in water increases its hardness and also causes gout and rheumatism. The 
calcium concentration in the shallow and deep tubewells varies from 4.81 
ppm to 79.0 ppm and 4.81 to 28.86 ppm respectively where as the 
concentration of calcium in surface water varies from 6.41 to 38.0 ppm. 
Magnesium: 
The geochemistry of magnesium is quite similar to that of calcium. 
The solubility of magnesium carbonate is also controlled by the presence 
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of carbon dioxide. Magnesium arises principally from the weathering of 
rocks containing ferromagnesium minerals and from some carbonate rocks. 
Magnesium is one of the constituent responsible for hardness of water. 
However higher magnesium concentration may be cathartic and diuretic 
(Lehr et al., 1980). Also the values of magnesium combined with sulphate 
acts as laxative to human beings. The maximum permissible and highest 
desirable limit given by the W.H.O. (1984) and Indian Standard Institution 
(1983) is 100 mg/1 and 30 mg/1 respectively. 
The magnesium concentration of shallow and deep tubewells of study 
area varies from 16.0 to 123.77 ppm and 23.39 to 84.79 ppm respectively, 
whereas in the surface water it varies from 21.0 to 43.86 ppm. The minimum 
concentration was reported at Kothi Ka Nagla close to the Upper Ganga 
Canal and the maximum concentration was reported at Delhi Gate on the 
western upland of the study area. At few places it was reported that the 
concentration of magnesium is higher but at most places it is well within 
the permissible limit. 
Fluoride: 
Fluoride is generally present in low concentration in groundwater 
(Fletcher, 1986). The concentration of fluoride in groundwater is limited 
due to the low solubility of most fluoride. The solubility of fluoride in 
pure water, at 25°C, is only 8.7 ppm fluoride (Aumeras, 1927). Magnesium 
fluoride is more soluble than calcium fluoride, sodium fluoride is very 
soluble. 
W.H.O. (1984) has recommended the limit of fluoride in drinking water 
upto 1.5 ppm. If it exceeds, it may cause motelling of teeth enamel and 
further concentration above 5 ppm may cause crippling problem (WHO, 
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1984, Boyle and Chargnon, 1995). 
The concentration of fluoride in the water samples taken from shallow 
and deep aquifers ranges between 0.48 to 1.18 ppm and 0.75 to 1.03 ppm 
whereas the concentration in surface water ranges from 0.48 to 0.92 ppm. 
The minimum concentration was recorded at Brahti where as the maximum 
was observed at Naugawan Arjuna. 
Hardness: 
Hardness denotes the concentration of calcium and magnesium in 
water, and is usually expressed as the equivalent of CaCOj. Basically, 
hardness is considered as the soap consuming property of water (Fletcher 
1987). This is controlled by the magnesium and calcium ions present in 
water and is computed from the sum of the two ions expressed in Mg 
CaCOjL' (McCutcheon et al., 1993). The hardness in water is derived from 
the solution of carbon dioxide released by bacterial action in the soil by 
percolating rain water (Sawyer and McCarly, 1967). 
Hardness can be classified on the basis expressed in MgCaCOjL' as 
follows: (after McCutcheon et al., 1993). 
TABLE 12 
Class of Hardness 
Soft 
Moderately hard 
Hard 
Very hard 
Concentration in 
MgCaCOj/L 
00-50 
51-120 
121-180 
>180 
Percentage in the 
study area 
00 
6.7% 
27% 
66.3% 
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The permissible limit for hardness as recommended by WHO (1993) is 500 
ppm, where as the maximum permissible limit and desirable limit of 
hardness given by ISI (1983) is 600 ppm and 300 ppm respectively. 
A perusal of the above table shows that the groundwater in the study 
area is moderately hard, hard and very hard in nature. 
The total hardness as CaCOj in the water samples of shallow and deep 
aquifers ranges between 112.0 to 544.0 ppm and 144.0 to 372.0 ppm 
respectively where as the hardness in surface water ranges in between 112.0 
ppm to 312.0 ppm (Fig.33) shows the total distribution of hardness in the 
study area. 
Nitrate: 
Nitrate is the end product of oxidation of nitrogen in the environment 
and its higher level of concentration in groundwater is often an indication 
of pollution from either sewage or fertilizer waste. It is an essential plant 
nutrient but is also a potential threat to human health when in excess 
concentration in groundwater. 
Hill (1982) stated the decomposition of soil organic matter, leaching 
of soluble synthetic or chemical fertilizers human and animal excreta are 
the potential sources of nitrate in groundwater. 
Pandey and Mukherji (1944) have stated that more alarming toxicity 
of nitrate is the cause of carcinogenic diseases like introsamines of stomach 
cancer. Nitrate cyanosis (blue baby diseases - methemoglobinemia) among 
infants is caused by nitrate pollution in areas where bottle feeding is 
practiced. 
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Sehgal and others (1989) state that the nitrate is converted to nitrite 
and then ammonia by bacterial reduction in the human system. Excess nitrate 
is absorbed by haemoglobin and is converted to methemoglobin and oxygen 
carrying capacity of the red blood corpuscles, is reduced. 
Variable and maximum permissible limit of nitrate in drinking waters 
are observed in the literature; Bulgaria (30 ppm); Canada, India, Poland, 
USPHA, WHO (45 ppm) and Europe (50-100 ppm). 
The nitrate concentration in the water samples from shallow and deep 
aquifers ranges between 0.78 to 11.5 ppm and 1.25 to 11.5 ppm respectively 
whereas the concentration in surface water varies from 0.94 to 2.4 ppm. A 
perusal of Appendix (VIII-A«&B) show that the concentration of nitrate in 
the shallow aquifer as well as in deeper aquifer are well with in permissible 
limit. 
Total Dissolved Solid: 
Dissolve solids is the term generally associated with fresh water 
systems and contains a number of different dissolved inorganic 
constituents. The major cations are calcium, magnesium, sodium and 
potassium; and the major anions are chloride, sulfate, carbonate and 
bicarbonate. Although not in ionic form, silica can also be a major 
constituent. These major constituents constitute the bulk of the mineral 
matter contributing to total dissolved solids. 
The simplest classification of water is based on the total concentration 
of dissolved solids. The classification is suggested by Gorrel which is 
shown in the following table: 
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TABLE 13 
Quality of water 
Freshwater 
Brakish water 
Salty water 
Brine 
Concentration of TDS in ppm 
0-1000 
1000-10,000 
10,000-100,000 
>100000 
The water, with TDS less than 600 mg/1 is considered good for drinking 
purposes and water with TDS more than 1200 ppm is considered unpalatable 
(W.H.O. 1984). 
In the area of investigation water samples taken from shallow and deep 
aquifers show a wide variation of total dissolved solid which ranges from 
256 to 1280 ppm and 256 to 960 ppm respectively where as in the surface 
water it ranges from 128.0 to 377.6 ppm. 
Generally, the concentration of total dissolved solid is less than 1000 
ppm. However at some places the concentration of total dissolved solids 
was observed 1280.0 ppm. 
TRACE ELEMENTS: 
The trace elements are the elements which are present in water in less 
quantity (less than 1 ppm). Many of the trace elements are also known as 
heavy metals (Freeze and Cherry 1979). These metals present in trace 
concentration play a major role in the human and animal metabolism and 
healthy growth of plants: The same metals, however, at increased 
concentration may have severed toxicological effects on human beings 
(Champman, 1992). The most important and natural sources of trace 
elements is rock water interaction from which the released metal find their 
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way in the water bodies. However industrial effluents, and domestic sewage, 
and agricultural activities are also responsibb for the higher concentration 
of heavy metals in the groundwater. Therefore, trace elements such as iron, 
zinc, copper, lead, manganese, cadmium, cobalt, nickel and chromium were 
determined to check their concentration in the water samples of the study 
area. The results of the chemical analysis are given in (Appendices XI). 
As a result, the concentration of trace elements is found to be more in 
shallow aquifers water samples than in the deeper aquifer water samples. 
Trace elements analysed in the groundwater samples of the study area are 
as follows: 
Iron: 
Iron is naturally present in the water as ferric hydroxide, in 
concentration less than 0.5 ppm. Water derived from swamps and peat bogs 
with low pH have higher concentration (Karanth, 1997). It is an essential 
element in the human nutrition as well as for animals and plants. 
World Health Organization and U.S. Environmental Protection Agency 
recommended the acceptability value of iron as 0.3 ppm. But iron becomes 
toxic when it crosses the permissible limit. Children from 1 to 2 years of 
age are particularly vulnerable to the iron toxicity from the ingestion of 
iron supplements (Fairbanks et al., 1971). However, higher concentration 
of iron will cause toxic effect on the public health. Also, presence of iron 
can give rise to an astringent taste, discoloration, deposits of rust and could 
promote the growth of iron bacteria. 
The iron concentration in the water sample of study area taken from 
shallow and deep aquifers ranges between 0.005 to 0.52 ppm and 0.13 to 
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0.30 ppm respectively. A perusal of the Appendix (XI) shows that the 
concentration of iron is high in few water samples of shallow aquifer where 
as the concentration of iron in deeper aquifers is well within the permissible 
limit. 
Lead: 
The concentration of lead in drinking water is 0.1 ppm as recommended 
by WHO (1984). Pb is found in low concentration in the natural water 
because lead containing minerals are less soluble in water. Concentration 
of lead in natural water increases mainly through anthropogenic activities 
(Goel, 1997). Excess of lead does not permit utilization of oxygen and 
glucose for life sustaining energy production which can be detected in the 
blood at 0.3 ppm concentration. 
It is one of the hazardous and potentially harmful pollutant. It's 
efficiency causes hypertension, neurological disfunction and renal 
impairment (WHO, 1993). The most common symptoms of lead poisoning 
are anaemia, severe intestinal cramps, paralysis of nerves, loss of appetite 
and fatigue (Train, 1979). Lead toxicity also causes irreversible damage to 
the brain in the children. Such lead intoxication most commonly results 
from ingestion of lead containing paints found in homes. Lead causes mental 
retardation in children. 
The lead concentration in the water samples of the study area in shallow 
and deep tubewells ranges between 0.02 to 0.098 ppm and 0.03 to 0.098 
ppm respectively. The analytical results show that the concentration of lead 
in shallow aquifers as well as in the deeper aquifers are well with in the 
permissible limit. 
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Zinc: 
Zinc is an essential trace element found in virtually all food and potable 
water in the form of salts or organic complexes. The diet is normally the 
principal source of zinc. Although levels of zinc in surface and groundwater 
norniallvdojiot£xc&€4-0.01 and 0.05 ppm respectively (WHO. 1993). 
The daily requirement of zinc for adult is 15-20 mg/day. Drinking water 
containing zinc at levels above 30 mg/litre may not be acceptable to 
consumers as it imparts an undesirable astringent taste to water. Water 
containing zinc at concentration in excess of 5 mg/litre may appear 
opalescent and develop a greasy film on boiling (WHO, 1993). However, 
its deficiency causes growth retardation in children, dermatitis, loss of taste, 
sensitivity and delay in the healing of wounds (Carla, 1986). 
The zinc concentration in the water samples of the study area in shallow 
and deep tubewells ranges between non-detectable to 0.58 ppm and 0.092 
to 0.198 ppm. The highest concentration of zinc was recorded at Nai Basti 
of Aligarh city. 
Copper: 
Copper levels in drinking water are usually low only a few micrograms 
per litre, but copper plumbing may result in greatly increased 
concentrations. Concentration can reach several mgs/litre following a 
period of stagnation in pipes. 
Copper is an essential element and the intake from food is normally 
1-3 mg/day. Acute gastric irritation may be observed in some individuals as 
concentration in drinking water increases above 3 mg/litre. In adilts with 
hepatolenticular degeneration, the copper regulatory mechanism is 
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defective, and long term ingestion can give rise to liver cirrhosis. At levels 
above 5 mg/litre imparts a colour and an undesirable bitter taste to water 
(WHO, 1993y 
In the shallow aquifer of the study area copper concentration ranges 
from not detectable to 0.52 ppm while in deeper aquifers concentration 
ranges between 0.006 ppm to 0.202. This shows that the deeper aquifer 
waters are more safe in comparison with shallower aquifers for drinking 
purposes. 
Cadmium: 
Cadmium is highly toxic element to man and animals (Friberg et al., 
1974). Cadmium is released to the environment in waste water, and diffuse 
pollution is caused by contamination from fertilizers and local air pollution. 
In the drinking water contamination may also be caused by impurities in the 
zinc of galvanized pipes and solders and some metal fittings, although levels 
in drinking water are usually less than 1 )j,g/litre. Smoking is the significant 
additional source of cadmium exposure. 
Cadmium accumulates mainly in the liver and kidney thus causing 
pathological changes of the hepatocytes of the liver as well as the kidney 
(Itokawa et al., 1975; Colucci et al., 1975). Cadmium of high concentration 
causes kidney problems, anaemia, bonemarrow disorders and lenticular 
tumours, it also causes renal disfunction, hypertension, genetic defects, 
chronic diseases of old age and cancer. The recommended permissible limit 
of cadmium in drinking water is 0.01 ppm (ISI, 9183; WHO, 1984). However 
a guideline value for cadmium of 0.003 mg/litre is established by WHO 
(1993). The cadmium concentration in the groundwater of the study area 
ranges between non-detectable to 0.016 ppm in shallow aquifers while in 
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the deeper aquifer it ranges from non-detectable to 0.011 ppm. The analytical 
result shows that the value of cadmium in shallow aquifer as well as in 
deeper aquifer are well within the permissible limit except at few places. 
Manganese: 
Maganese is one of the most abundant metals in the earth's crust and 
usually occur together with iron. It is an essential trace element with an 
estimated daily nutritional requirement of 30-50 M-g/kg of body weight. It's 
absorption rate can vary considerably according to actual intake, chemical 
form and presence of other metals, such as iron and copper in the diet. 
However, large does of ingested manganese can cause liver damage (Trivedy 
and Goal, 1984). Although manganese concentrations below 0.1 ppm are 
usually acceptable this may vary with local circumstances, WHO (1984) 
recommended the limit of manganese in drinking water as 0.05 ppm. 
The concentration of manganese in the shallow aquifer ranges between 
0.012 to 0.084 ppm while in the deeper aquifers it ranges between 0.012 to 
0.053 ppm. Except few places the manganese are well within the permissible 
limit. 
Chromium: 
High dose of hexavalent chromium causes digestive track cancer in 
men (Guideline for Canadian drinking water quality). Disorders of skin and 
respiratory tract are common symptoms of chromium poisoning. 
Respiratory intake can lead to cancer of respiratory tract (Goel, 1997). 
High concentration of chromium in groundwater may causes ulceration of 
nasal septum and dermatitis (Singh and Bhyayana, 1986). 
The cfiromium concentration in the groundwater of the study area ranges 
between non-detectable to 0.096 ppm in shallow aquifer water while in 
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deeper aquifer water it ranges between 0.019 ppm to 0.063 ppm respectively. 
The recommended limit of chromium is 0.05 mg/1 (ISI, 1983). This shows 
that in the deeper aquifer the concentration is within the limit except at few 
places. 
Nickel: 
The concentration of nickel in drinking water is normally less than 
0.02 ppm. Nickel released from the taps and fittings may contribute upto 1 
mg/lit. In special cases of release from natural or industrial nickel deposits 
in the ground, the nickel concentration in drinking water may be even higher. 
The average daily dietary intake is normally 0.1-0.3 mg of nickel but may 
be as high as 0.9 mg with a intake of special food items. 
The relevant database for deriving a no observed adverse effect level 
is limited. In the study area the nickel concentration in shallow aquifer 
ranges between 0.007 ppm to 0.068 ppm where as in the deeper aquifers it 
ranges from 0.009 to 0.036 ppm in the village. 
GRAPHIC REPRESENTATION OF CATIONS AND ANIONS: 
Graphical representation of chemical analysis data is the convenient 
way to represent the cations and anions. For a quick perusal, which may 
involve comparing the similarities and dissimilarities between major ions. 
Graphs can also aid in detecting the mixing of water of different 
compositions and in identifying chemical processes occurring as 
groundwater moves. A variety of graphic techniques have been developed 
for showing the major chemical constituents, some of the more useful graphs 
include bar graph, circular graph, radial graph and stiff diagram which are 
easily constructable and provides a quick visual comparison of individual 
chemical analysis. However, they are not convenient for graphic presentation 
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of large number of analysis. One of the most useful graphs for representing 
and comparing water quality analysis is trilinear diagram by Piper (1944), 
which is given below. 
Trilinear Diagram: 
Among the various trilinear method of plotting (Palmer, 1911; Hill, 
1940; Piper, 1953), Piper's diagram has been extensively used to understand 
problems about the geochemical evolution of groundwater. Here cations, 
expressed as percentage of total cations in milliequivalents per litre, plot 
as a simple point on the left triangle; while anions, similarly expressed as 
percentage of total anions, appear as a point in the right triangle. These two 
points are then projected into the central diamond shaped area parallel to 
the upper edges of the central area. This single point is thus uniquely related 
to the total ionic distribution. Thus, water samples with different 
concentration can have identical representation in this diagram and the 
major trends in the data can be discerned visually. 
Groundwater Facies: 
To categorize the water composition in a convenient manner, the 
concept of hydrochemical facies was developed by Back (1961, 1966), Back 
and Hanshaw (1965), Morganan Winner (1962) and Seaber (1962). 
Hydrochemical facies are distinct zones that have cation and anion 
concentration described with in defined composition categories (Freeze 
and Cherry, 1979). According to Back (1961) the term hydrochemical facies 
is used to describe the bodies of groundwater in an aquifer that differ in 
their chemical composition. Again Back (1986) suggested that the facies 
are a function of lithology, solution kinetics and flow pattern of the 
groundwater through the aquifer. 
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Fig. 34a. Plot of chemical composition of dugwells water on 
trilinear diagram. 
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Fig. 34b. Plot of chemical composition of tubewells and surface 
water on trilinear diagram. 
The plot of chemical analysis (Fig. 34a&b) shows that the majority of 
the groundwater samples belongs to bicarbonate type and few samples fall 
in no dominant type and sulphate type in the anion facies while on the cation 
facies the water samples belong to sodium or potassium type and few 
samples belong to No dominant type and Magnesium type. 
Finally, the trilinear diagrams show that groundwater in the study area 
belongs to an Alkali Bicarbonate type. 
WATER QUALITY CRITERIA IN RELATION TO ITS USES: 
The usefulness of water for various specific uses, like domestic, 
irrigation and industry are determined by the water quality. The term water 
quality includes the physical, chemical, biological and radionuclids 
characteristics which are the dominant factor in determining the suitability 
of groundwater for various purposes. Mandatory limits have been set for 
certain poisonous constituents, but no rigid limits can be set for water 
required for other uses. 
The water which is not suitable for drinking may be good for irrigation, 
or water unsuitable for irrigation may be quite suitable for industrial 
purposes (Goel, 1997). Thus, it is not po.^sible to have a single criteria 
that can have universal application. Therefore, certain chemical quality 
standards have been established for evaluating the suitability of water for 
domestic, agricultural and industrial uses. 
In the present study only physical and chemical characteristics of 
groundwater are considered to establish its suitability for various uses. 
Domestic and Municipal Uses: 
Water to be used in the home for drinking should be free from colour, 
turbidity, odour and microorganisms. Chemically, the water should 
100 
preferably be soft, low in dissolved solids, and free from poisonous 
constituents. WHO (1984), ISI (1983) and ICMR have laid down drinking 
water standards, which assure in general, the protection of human health. 
According to the concentration of various major and trace elements 
encountered in the water samples of the study area were compared with the 
drinking water standard of the WHO (1984) and ISI (1993) which are given 
in the table 14. 
A perusal of the table shows that, the concentration of anions, cations 
and trace elements are well within the permissible limits as recommended 
by WHO (1984), and ISI (1993). At few places water quality of dugwells 
and shallow tubewells were not found suitable because of its susceptibility 
to various polluting sources. The deep tubewell water was found safe for 
drinking purposes. Some elements which are harmful and insidious pollutants 
because of their adverse effects on human health on certain level of exposure 
and absorption. 
Irrigation use: 
The suitability of groundwater for irrigation is contingent on th(i effects 
of the mineral constituents of the water on both the plant and soil. There 
are various chemical constituents which affect the suitability of water for 
irrigation. Some of these are: 
(a) The total concentration of soluble salts (which is broadly related to 
the specific conductance of water) as it effects the crop yields through 
osmotic effects. 
(b) The relative proportion of sodium to calcium and magnesium. 
(c) The concentration of boron, and 
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(d) The 1 elative proportion of bicarbonate to calcium and magnesium. 
Besides, the above suitability criteria there are some other factors 
such nature and composition of the soil and subsoil, depth of water table, 
topography, climate, the type of crop etc. 
The quality criteria for irrigation purpose were developed by various 
workers Asgar et al. (1936), Kelley et al. (1994), Wilcox (1955), 
Ramamorthy (1964); FWPCA (1968); EPA (1973); Ayers and Branson 
(1975) and Ayers and Westcot (1976). 
The most effective hazards are the salinity and the sodium hazard, 
because the germination of seed is reduced when excessive accumulation 
of salts exists in agricultural soil as it causes floculation resulting into the 
formation of a relative impermeable crust which lowers the permeability 
and hence the fertility of soil (Mem, 1959). 
To study the suitability of groundwater in the study area for irrigation 
purposes, the electrical conductivity, relative proportion of sodium to other 
cations residual sodium carbonate and concentration of certain specific 
elements were analysed. Subsequently, the chemical analysis data were 
processed, plotted and interpreted on the basis of the established guidelines 
proposed by various workers of the discipline. 
Salinity and sodium hazards: 
The total dissolved solids content, measured in terms of specific 
electrical conductance, gives the salinity hazard of irrigation waters. Besides 
the salinity hazard, excessive sodium content in water renders it unsuitable 
for soils containing exchangeable Ca^ ^ and Mg*^  ions. 
Based on the sodium Adsorption Ratio (SAR) and electrical 
conductivity (E.G.) graphic classification was given by US Salinity 
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Laboratory Staff (USSL, 1954) to help interpreting the suitability of water 
quality for agricultural uses. 
Sodium adsorption ratio and conductance values are taken into 
consideration because they behave as an index of salinity hazards which has 
an adverse effect on the suitability of irrigation water. The S AR is defined 
as follows 
Na^ 
SAR = 
V(Ca^=+Mg^2y2 
where ion concentration are given as equivalent per million(eqm). 
The quality classification for irrigation water is given below in tie table 
(After Richard et al., 1954). 
TABLE 15 
Water Quality 
Excellent 
Good 
Fair 
Poor 
Electrical Conductivity 
in )imhos/cm at 25°C 
<250 
250-750 
750-2250 
>2250 
Alkali SAR 
Upto 10 
10-18 
18-26 
>26 
A perusal of the (Fig. 35) shows that nearly 38% water samples in the 
area falls under C2-S, and 47% water samples fall under C3-S, while 15% 
falls under Cj-Sj series. 
The Residual Sodium Carbonate (RSC) has been calculated to determine 
the hazardous effect of carbonate and bicarbonate on the quality of water 
for agricultural purposes. It is calculated by the formula given by Eaton 
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Fig. 35. Plot of SAR vs. E.G. of dugwells, tubewells and 
surface water. 
(1950) which is as follows: 
R.S.C. (CO3-2 + HCO3) - (Ca^ 2 + Mg^ 2) 
where the concentration of cations and anions is expressed in epm. 
To determine the hazardous effect of carbonate and bicarbonate on 
the quality of water for irrigation purpose, Eaton (1950) gave the following 
classification. 
TABLE 16 
Water 
Excellent 
Good 
Fair 
Poor 
R.S.C. (in epm) 
« 1 . 2 5 
<1.25 
1.25-2.5 
>2.5 
The values of RSC have been calculated (Appendix IX-A,B&C) and 
compared with the classification given in the table 16 which reveals that 
most of the values are with in the limits of suitability except few values 
which are above the limit. So, it can be said that the groundwater of the 
study area is suitable for irrigation purposes. 
Wilcox (1955), has proposed another classification for irrigation 
which is based on electrical conductivity and soluble sodium percent and 
boron concentration (Fig. 36). 
The sodium percent is calculated from the following relationship. 
(Na^ + K') 
Percent sodium 
Ca^^+Mg^HNa^+K" 
X 100 
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where ion concentrations are given as equivalents per million (epm). 
The following table indicates the quality classification for the irrigation 
water (after Wilcox, 1955). 
TABLE 17 
Water Quality 
Excellent 
Good 
Permissible 
Doubtful 
Unsuitable 
Na% 
<20 
20-40 
40-60 
60-80 
>80 
EC nmhos/cm at 25°C 
<250 
250-750 
750-2000 
2000-3000 
>300 
A perusal of the Wilcox diagram suggests that the quality of groundwater as 
well as surface water falls into four categories i.e. Excellent to good, Good 
to permissible. Permissible to doubtful and a few sample fall into Doubt to 
unsuitable. By and large the quality of water L good for agricultural purposes. 
The role of trace elements for the proper growth of plant cannot be 
looked out as they have been found to be profoundly beneficial to crops for 
growth of plants at different stages of their development. Many agencies 
put forward the tolerance limit for irrigation water and suggested proper 
interpretation of analytical data, thus micronutrients like Cu, Zn, Fe, Pb, 
Mn and Cd were compared with the standard limit (FWPCF, 1968; Ayers 
and Branson, 1975). 
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TABLE 18 
Trace element tolerance limit of irrigation water as proposed by FWPCF, 
1968 and Ayers and Branson (1975) 
Elements 
Zinc 
Iron 
Copper 
Lead 
Manganese 
Cadmium 
Water use FWPCF (1968) 
Continuous 
5.0 
0.20 
5.0 
2.0 
0.005 
Short term in 
fine textured 
soils 
10.0 
5.0 
10.0 
5.0 
0.05 
Water use Ayers & Branson (1975) 
Continuous 
2.0 
5.0 
0.20 
5.0 
0.2 
0.01 
Short term in 
fine textured 
soils 
10.0 
15.0 
5.0 
10.0 
10.0 
0.05 
In the study area the concentration of trace elements determined in the water 
samples found well within the permissible limit. Hence it can be said that 
the groundwater of the study area is good for irrigation purposes. 
Industrial Uses: 
Industrial water quality requirements are highly dissimilar. There are 
so many uses of water in different industries. For example in Food & 
Beverage industries water quality should satisfy the general requirement of 
drinking water. Pure water is also required for manufacture of 
pharmaceutical and antibiotic requirements. Water which is used for cooling 
should be free from corrosive nature and the concentration should be less 
than 80 ppm (Anon, 1940). Accordingly, the water quality of the study area 
fulfils the criteria for all industrial uses and even for the pharmaceutical 
and paper uses too, after the preliminary treatment of hardness. 
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SURFACE WATER QUALITY: 
To ascertain the quality of surface water and its relation with 
groundwater, water samples for major and trace elements studies were 
collected from the river kali. Upper Ganga Canal and some ponds for 
chemical analyses. 
A persual of Appendix (VIII-C & IX-C) having ahydrochemical data 
of samples from surface water sources shows that the E.C., S.A.R. and Na% 
of surface water are well within permissible limit for irrigational purposes. 
Thus after reviewing the data it may be said that the surface water in the 
area is widely alkaline with a low degree of mineralization. All the chemical 
constituents are generally within the maximum desirable limit. The surface 
water sample fall in the C2S,, C^S, and C^S^ classes of the U.S. Salinity 
Diagram. Thus the water from surfaces sources is fresh, potable and fit for 
domestic as well as irrigational purposes. 
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CHAPTER-VII 
^^  ^ 
SUMMARY AND CONCLUSION 
Demand for fresh water, caused by surging population growth, 
environmental abuse and poor water management, is becoming a dangerous 
source of friction in may parts of India. Out of the total exploitation of 
water resources in the country, groundwater share is almost 54%. However, 
it has not been given its due share of attention so far in the water resource 
planning programme. For evolving policies for the better use of ground water 
resource, basin wise estimates of utilizable groundwater resources, taking 
into account groundwater recharge and discharge, are the need of the present 
time. In pursuance of the above, an attempt has been made to study the aquifer 
systems and groundwater resource potential of "Aligarh city and adjoining 
areas" in central parts of the Ganga-Yamuna interfluves sub-basin for its 
optimal utilization. The area of investigation spreads over 36700 ha and 
lies between the latitude 27°50' to 27°58'N and longitude 78°00' to 78°15'E 
and falls under the Survey of India toposheet number 541/1 on 1:50,000 
scale. Physiographically, the area from east to west is divisible into three 
distinct units; Eastern upland. Central depression and Western upland. It is 
drained by the river Kali and Sengar. Which flow due south. As regards the 
soil types, they are loam to sandy loam, loam to clayey loam and sand to 
sandy loam. Irrigation facilities both through tubewells and canals are 
available, for an area of 18600.074 ham in (which is 77% of the net sown 
area) of which 78% is irrigated through groundwater and rest 22% by the 
canals. Application of the remote sensing techniques have helped in 
delineating various landform features. 
The study area lies in the sub-tropical climatic zones of India and 
experiences very hot summer (46°C) and very cold winters (4°C). The 
summer season starts by mid March and lasts by late June when the monsoon 
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sets in. July and August are the months of heavy rainfall. The average annual 
rainfall is 683.33 mm, the standard deviation of rainfall is 247.41 mm and 
the coefficient of variation is 36.206%. As per the drought analysis, the 
frequency of occurrence of the mild drought is 31.31%, the normal drought 
is 21.21% and the severe drought is 4.04%. 
Geologically, Bundelkhand Granite forms the basement complex, which 
is unconformably overlain by the lower Bhandar limestone and sandstone 
and further followed by the Upper Bhandar shale and sandstone of Upper 
Proterozoic age and is finally overlain by the Quaternary alluvium. The 
Quaternary alluvium consists of alternate beds of sand and clay where clay 
is observed occasionally intermixed with calcareous concretions. 
The exploratory drilling operations by the Central Groundwater Board 
in Aligarh district encountered the bed rock at varying depths. The well 
drilled at railway club compound close to Aligarh railway station in June 
1976, encountered Upper Bhandar red shale at a depth of 340 m b.g.l. 
Besides, in an exploratory well drilled by CGWB, the Upper Bhandar 
Sandstone which overlies the red shale was -encountered at Saleempur, 20 
km of south-west of Aligarh city, at a depth of 286.36 m. b.g.l. Moreover, 
the same red shale was touched at Hathras 35 km. south of Aligarh city, at a 
depth of 356 m b.g.l. Further in an exploratory drilling at Kasganj by Oil 
and Natural Gas Corporation (ONGC) on the right bank of the Ganga, 
encountered the Lower Bhandar limestone and Bundelkhand Granite at a 
depth of 620.0 m b.g.l. and 2061.0 m. b.g.l. respectively, which very well 
establishes the stratigraphic sequence from the Basement to the Quaternary 
alluvium. 
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Further, the study shows that rapid migration and the hydrodynamics 
of the river Ganga over the years has generated three types of aquifers i.e. 
channel deposits with much groundwater potential; flood plain deposits, 
moderately potential and back swamp deposits with poor groundwater 
potential. A perusal of the fence diagram and various hydrogeological cross-
sections depict that by and large there occurs a single aquifer system in the 
area down to a depth of 166.0 m b.g.l. which is often observed interleaved 
at places with moderately thick to thin clay beds which imparts it a two tier 
aquifer system. These aquifers are laterally and vertically extensive and 
consist of fine to medium sand and are very much potential. 
A perusal of grain size analyses data of the aquifer materials collected 
from the drilling sites depict that the effective grain size (d,o) of the aquifer 
materials ranges between 0.065 to 0.124 mm which indicates that the sand 
size ranges between medium to fine while the effective grain size of the 
kali bed sediments ranges between 0.07 mm to 0.096 mm which indicates 
that kali sediments are finer. The uniformity coefficient values of the aquifer 
materials range between 1.54 to 2.15, which shows that with the exceptions, 
the porosity is generally high. The uniformity coefficient values of the kali 
bed sediment range between 1.48 to 2.0 which indicates that the kali bed 
sediments is highly porous. The hydraulic conductivity of the aquifer 
materials ranges between 21.6 m/day to 79.4 m/day, while the hydraulic 
conductivity of the kali bed sediments river ranges between 25.06 ni/day to 
41.47 m/day. 
Further, a network of 167 observation wells were established and the 
relevant hydrogeological data were collected. Water levels measured in the 
observation wells, are presented as pre and post monsoon depth to water 
level maps, water level fluctuation map, pre and post monsoon water table 
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contour maps, piezometric surface map and hydrographs. 
A perusal of the premonsoon depth to water level map shows that the 
deepest water level 17.8 m b.g.l. was recorded at the western portion of the 
study area while the shallowest water level 2.30 m. b.g.l. was recorded along 
the Upper Ganga Canal. The post monsoon depth to water level map shows 
that the water level varies from 1.6 to 16.7 m. b.g.l. The water level 
fluctuation in the area ranges between 0.1 m to 1.9 m in the year 1999. An 
observation of the water table contour maps show that the elevation of water 
table ranges from 173.0 m. a.m.s.l. in the north-west to 168.0 m. a.m.s.l. in 
the south- east respectively. Which shows a regional groundwater flow from 
north-west to south-east direction. 
A glance at the water table contour maps show that there occurs five 
groundwater mounds in which two major mounds are developed close to 
the Upper Ganga Canal, due to the excessive seepage from the canal into 
the top aquifers below it. Moreover, three troughs are observed in the city 
centres due to the excessive withdrawal of groundwater much higher to the 
average annual recharge. The hydraulic gradient varies from 0.47 m/km to 
4.67 m/km. A perusal of the piezometric surface level map shows a similar 
pattern to that of the water table contour map. The similarity of two maps 
are indicative of same source of recharge to shallow as well as deeper 
aquifers and hence their interconnected nature. 
Hydrographs of permanent observation well networks indicate that the 
water level variation is cyclic, showing the deepest water level during June 
and the shallowest in November. There is a sharp decline in the water level 
from mid November onward till January. After January recession in water 
level is slow, which indicates natural groundwater discharge through steady 
subsurface out flow, with respect to regional groundwater flow. 
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The transmissivity values in the study area calculated from the State 
Tubewells borehole data range between 250.97 mMay"^  to 2515.03 mMay', 
the permeability values range between 12.10 m day' to 114.06 mday', the 
specific capacity index values ranges between 9.92 m day-1 to 93.49 m 
day-1 and the specific capacity values range between 205.71 m^ day' to 
2061.5 m^ day'. The pumping test data conducted in the area shows the 
transmissivity values as 810.989 m^ day' and hydraulic conductivity as 
28.92 m day'. 
The groundwater resource evaluation studies show that the net annual 
recharge is estimated as 9337.70 ham while the net annual draft is 7160.37 
ham leaving a balance of 2177.33 ham for future development of the 
groundwater resource through various shallow and deep tubewells. As per 
the N AB ARD's norms the area falls under the grey or semi-critical category. 
The chemical analyses results show that the groundwater in the area of 
investigation is an alkaline hard and moderately mineralised in nature. The 
values of major ions and trace elements are found well with in permissible 
limits with few exceptions. However, the heavy metals concentraticin in the 
top aquifer is observed above the permissible limits. But there concentrations 
in the deeper aquifer waters are found well within the limits. Further, the 
study shows that the majority of groundwater samples in the area belongs 
to bicarbonate type and few samples falls in no dominant type and sulphate 
type in the anion facies while on the cation facies the water samples belong 
to sodium or potassium type and few samples belong to no dominant type 
and magnesium type. Finally the trilinear diagrams show that groundwater 
in the study area belongs to an Alkali Bicarbonate Type. However, the 
groundwater in the area is suitable for drinking, irrigation and industrial 
uses. The top aquifer water at places were not found suitable for human 
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health hence, the clean and safe groundwater from deeper aquifers be tapped 
for human consumptions. 
The study shows that the area of investigation is beset with the dual 
situations of water logging along the Canals and a rapidly declining trend 
of water level in the city. 
To minimize a balance and make an optimum use of water resources in 
the study area some recommendations are suggested which are as follows 
1. The canal should be lined in order to check the further seepage into 
the top aquifers below the canal beds to control the water logging 
along the canals. 
2. Roof-top rain water harvesting should be brought in practice to 
recharge the top aquifers. 
3. 98% dry dugwells in the villages be recharged through monsoon storm 
water during the rainy season. 
4. A recharge canal should be constructed along the physiographic divide 
and passed through the various part of the city, where in a 10 m deep 
dugwells be constructed at every 100 m length of the canal to recharge 
the groundwater bodies. 
5. The earlier ponds constructed by Sabet Khan, the erstwhile governor 
of Aligarh during Mughal period, be reclean and deepen and a series 
of new ponds be constructed in order to recharge the depleting 
aquifer vis-a-vis the huge annual draft. 
6. In general the quality of groundwater from top aquifer where found 
hazardous for human health hence, the safe drinking >vater from the 
deeper aquifer be supplied for drinking purposes. 
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APPENDIX (I) 
Lithological logs of boreholes drilled by State Tubewell Department, Aligarh 
Location : JAMALPUR State Tubewell No. 108 
Lithology 
Surface Clay 
Clay with Calc.concretions 
Fine Sand 
Medium Sand 
Clay with Calc.concretions 
Medium Sand 
Clay with Calc.concretions 
Fine to Medium Sand 
Medium Sand 
Medium Sand with Stone 
Clay with Calc.concretions 
Hard Clay with Calc. 
concretions 
Sandy Clay 
Loose caving clay 
Hard Clay with Calc. 
concretions 
Location : KESHAVPUR JOFRI 
Lithology 
Surface Sandy Clay 
Calc.concretions 
Hard Clay with Calc. 
concretions 
Soft Clay with Calc.concretions 
Med. Sand and Sand Stone 
Clay and Calc.concretions 
Fine Sand 
Med. Sand and Sand Stone 
Coarse Sand and Sand Stone 
Hard Clay 
Sand Fine 
Clay with Calc. concretions 
Hard Clay 
Soft Clay 
Depth range in (m) b.g.l. 
0-3.0 
3.0-9.0 
9.0-12.0 
12.0-16.8 
16.8-21.0 
21.0-28.2 
28.2-34.5 
34.5-42.0 
42.0-48.0 
48.0-54.6 
54.6-60.0 
60.0-65.4 
65.4-68.4 
68.4-71.4 
71.4-80.4 
Depth range in (m) b.g.l. 
0-3.0 
3.0-4.5 
4.5-12.0 
12.0-24.0 
24.0-30.0 
30.0-33.0 
33.0-39.0 
39.0-42.0 
42.0-45.0 
45.0-47.4 
47.4-50.4 
50.4-69.0 
69.0-75.0 
75.0-81.0 
Thickness in (m) 
3.0 
6.0 
3.0 
4.8 
4.2 
7.2 
6.3 
7.5 
6.0 
6.6 
5.4 
5.4 
3.0 
3.0 
9.0 
State Tubewell No. 86 
Thickness in (m) 
3.0 
1.5 
7.5 
12.0 
6.0 
3.0 
6.0 
3.0 
3.0 
2.7 
3.0 
3.0 
6.0 
6.0 
Location : HABATPUR HINGOTIA State Tubewell No. 87 
Lithology 
Surface sandy clay 
Dirty sand and sand stone 
Poor fine sand 
Fine to medium sand 
Fine sand and Bajri 
Sandy clay 
Good fine sand 
Fine to medium sand and Bajri 
Depth range in (m) b.g.l. 
0-3.0 
3.0-9.0 
9.0-12.0 
12.0-18.0 
18.0-19.5 
19.5-22.8 
22.8-27.0 
27.0-30.3 
Thickness in (m) 
3.0 
6.0 
3.0 
6.0 
1.5 
3.3 
4.2 
3.3 
Location : HAJIPUR CHOHATA State Tubewell No. 43 
Lithology 
Sandy clay 
Fine sand 
Clay and Calc. concretions 
Medium sand 
Sandy clay 
Medium sand 
Clay and Calc. concretions 
Sandy clay 
Hard clay 
Medium sand 
Hard clay 
Clay and Calc. concretions 
Fine sand and sandstone 
Fine sand and gravel 
Clay 
Depth range in (m) b.g.l. 
0-3.0 
3.0-8.4 
8.4-14.1 
14.1-17.1 
17.1-20.1 
20.1-28.5 
28.5-37.5 
37.5-60.0 
60.0-74.7 
74.7-79.5 
79.5-85.5 
85.5-91.2 
91.2-94.2 
94.2-105.0 
105.0-108.0 
Thickness in (m) 
3.0 
5.4 
5.7 
3.0 
3.0 
8.4 
9.0 
22.5 
14.7 
4.8 
6.0 
3.0 
3.0 
10.8 
3.0 
Location : SIKANDARPUR BHIKARAWALI State Tubewell No. 35 
Lithology 
Yellow clay 
Clay & Calc. concretions 
Fine sand 
Clay Calc. concretions 
Medium sand 
Clay and Calc. concretions 
Fine and medium sand 
Clay 
Clay and Calc. concretions 
Depth range in (m) b.g.l. 
0.0-4.8 
4.8-9.6 
9.6-12.6 
12.6-15.6 
15.6-21.6 
21.6-48.9 
48.9-57.6 
57.6-65.6 
65.6-86.0 
Thickness in (m) 
4.8 
4.8 
3.0 
3.0 
6.0 
27.3 
8.7 
8.0 
20.4 
Location : PALA SAHIBABAD State Tubewell No. 40 
Lithology 
Surface clay 
Sticky clay 
Calc. concretions 
Clay and Calc. concretions 
Sticky clay 
Medium sand 
Sticky clay 
Medium sand 
Sticky clay 
Sticky clay and Calc. 
concretions 
Clay and Calc. concretions 
Medium sand 
Clay and Calc. concretions 
Sand and Calc. concretions 
Fine sand 
Clay and Calc. concretions 
Depth range in (m) b.g.l. 
0.00-3.0 
3.0-5.7 
5.7-8.55 
8.55-11.4 
11.4-14.25 
14.25-20.10 
20.10-22.8 
22.8-34.8 
34.8-37.05 
37.05-39.9 
39.9-45.75 
45.75-54.15 
54.15-76.65 
76.65-79.65 
79.65-82.35 
82.35-85.35 
Thickness in (m) 
3.0 
2.7 
2.85 
2.85 
2.85 
5.85 
2.7 
12.0 
2.25 
2.85 
5.85 
8.4 
22.5 
3.0 
2.7 
3.0 
Location : RAMGARH PANJIPUR State Tubewell No. 174 
Lithology 
Surface clay 
Clay 
Fine sand 
Fine to medium sand 
Medium sand 
Yellow fine sand 
Fine sand 
Clay mixed Calc. concretions 
with sand 
Location : BHANKRI KHAS 
Lithology 
Yellow clay 
Dirty clay 
Fine sand 
Clay 
Medium sand 
Depth range in (m) b.g.l. 
0.0-3.05 
3.05-12.19 
12.19-24.38 
24.38-42.67 
42.67-79.25 
79.25-88.39 
88.39-112.77 
112.77-140.20 
Depth range in (m) b.g.l. 
0.0-3.0 
3.0-8.7 
8.7-11.7 
11.7-14.7 
14.7-18.9 
Thickness in (m) 
3.05 
9.14 
12.19 
18.29 
36.58 
9.14 
24.38 
27.43 
State Tubewell No. 33 
Thickness in (m) 
3.0 
5.7 
3.0 
3.0 
4.2 
Clay and Calc. concretions 
MedtTim to fine sand 
Medium sand 
Clay 
Medium sand 
Clay 
Clay and Calc.concretions 
18.9-23.7 
23.7-26.7 
26.7-30.3 
30.3-38.3 
38.3-56.3 
56.3-66.3 
66.3-84.3 
4.8 
3.0 
3.6 
8.0 
18.0 
10.0 
18.0 
Location : CHUAWALi StateTubewellNc.31 
Lithology 
Yellow clay 
Clay and Calc. concretions 
Fine sand 
Clay 
Fine sand 
Clay and Calc. concretions 
Fine sand 
Clay and Calc. concretions 
Yellow fine sand 
Clay and Calc. concretions 
Label, clay and Calc. 
concretions 
Soft clay and Calc. concretions 
Lahel clay and Calc. 
concretions 
Depth range in(m) b.l.g. 
0.0-2.4 
2.4-5.4 
5.4-7.2 
7.2-10.5 
10.5-18.9 
18.9-20.1 
20.1-28.5 
28.5-38.4 
38.4-39.3 
39.3-52.2 
52.2-59.4 
59.4-62.4 
62.4-63.9 
Thickness in (m) 
2.4 
3.0 
1.8 
3.3 
8.4 
1.2 
8.4 
9.9 
0.9 
12.9 
7.2 
3.0 
1.5 
Location : ALINAGAR State Tubewell No. 69 
Lithology 
Fine sand 
Sand medium 
Kankar and Bajri 
Clay and Calc. concretions 
Fine sand 
Clay 
Depth range in(m) b.l.g. 
0.0-27.0 
27.0-36.0 
36.0-39.0 
39.0-51.0 
51.0-58.5 
58.5-75.0 
Thickness in (m) 
27.0 
9.0 
3.0 
12.0 
7.5 
16.5 
Location : NAUGAWANA ARJUN State Tubewell No. 52 
Lithology 
Surface clay 
Fine sand 
Fine to medium sand 
Medium sand 
Depth range in(m) b.l.g. 
00.00-3.05 
3.05-12.93 
12.93-31.32 
31.32-40.0 
Thickness in (m) 
3.05 
9.88 
18.39 
8.68 
Fine sand 
Medium sand 
Clay and Calc. concretions 
Fine sand 
Clay and Calc. concretions 
Fine sand 
Clay and Calc. concretions 
Fine to medium sand with stone 
Clay and Calc. concretions 
40.0-43.53 
43.53-54.75 
54.75-82.10 
82.10-86.40 
86.40-104.83 
104.83-117.09 
117.09-135.48 
135.48-144.30 
144.30-153.87 
3.53 
11.22 
27.35 
4.30 
18.43 
12.26 
18.39 
8.82 
9.57 
Location: IMLANI State Tubewell No. 106 
Lithology 
Clay 
Fine sand 
Clay and Calc. concretions 
Fine sand 
Fine to medium sand 
Medium sand 
Coarse sand 
Clay and Calc. concretions 
Fine sand 
Good fine sand 
Fine sand 
Fine good sand and sand stone 
Clay and Calc. concretions 
Depth range in(m) b.l.g. 
0.0-6.0 
6.0-21.0 
21.0-24.0 
24.0-42.0 
42.0-45.0 
45.0-48.0 
48.0-52.5 
52.5-67.5 
67.5-70.5 
70.5-73.5 
73.5-76.5 
76.5-78.3 
78.3-79.5 
Thickness in (m) 
6.0 
15.0 
3.0 
18.0 
3.0 
3.0 
4.5 
15.0 
3.0 
3.0 
3.0 
1.8 
1.2 
Location : JIRAULI DOR State Tubewell No. 71 
Lithology 
Soft clay 
Sticky clay 
Lahel 
Hard clay 
Clay and Bajri 
Fine sand 
Clay 
Fine sand 
Fine to medium sand 
Medium sand 
Clay and Calc. concretions 
Soft clay and Bajri 
Lahel 
Sticky hard clay 
Depth range in(m) b.l.g. 
0.0-3.0 
3.0-7.5 
7.5-12.0 
12.0-13.5 
13.5-17.1 
17.1-20.1 
20.1-22.5 
22.5-25.5 
25.5-31.5 
31.5-33.6 
33.6-39.6 
39.6-45.6 
45.6-48.6 
48.6-54.6 
Thickness in (m) 
3.0 
4.5 
4.5 
1.5 
3.6 
3.0 
2.4 
3.0 
6.0 
2.1 
6.0 
6.0 
3.0 
6.0 
Soft clay 
Very hard clay 
Label 
Rock 
Lahel, kankar and stone 
Clay and Calc. concretions 
Very hard sticky clay 
Very hard sticky clay & Calc. 
concretions 
Soft clay sandy 
Soft clay and sandy calc. 
concretion 
Clay Bajri & Calc. concretions 
Soft clay 
54.6-57.6 
57.6-62.4 
62.4-63.9 
63.9-65.4 
65.4-66.9 
66.9-69.9 
69.9-74.1 
74.1-77.1 
77.1-78.6 
78.6-81.6 
81.6-84.6 
84.6-90.0 
3.0 
4.8 
1.5 
1.5 
1.5 
3.0 
4.2 
3.0 
1.5 
3.0 
3.0 
5.4 
Location : ASNEHATA State Tubewell No. 82 
Lithology 
Surface clay 
Fine sand 
Clay & Calc. concretions, 
Medium sand 
Clay Calc. concretions 
Fine to medium sand 
Medium sand 
Clay & Calc. concretions 
Hard clay Calc. concretions 
Sticky hard clay 
Hard clay sticky 
Clay Calc. concretions 
Sticky hard clay 
Sandy clay 
Depth range in(m) b.l.g. 
0.0-3.0 
3.0-9.0 
9.0-11.7 
11.7-21.6 
21.6-23.1 
23.1-24.6 
24.6-30.3 
30.3-32.1 
32.1-33.6 
33.6-35.1 
35.1-54.9 
54.9-62.4 
62.4-66.9 
66.9-77.4 
Thickness in (m) 
3.0 
6.0 
2.7 
9.9 
1.5 
1.5 
5.7 
1.8 
1.5 
1.5 
19.8 
7.5 
4.5 
10.5 
Location : RASULPUR State Tubewell No. 9 
Lithology 
Surface clay 
Soft clay 
Fine sand 
Clay and Calc. concretions 
Medium sand 
Clay and Calc. concretions 
Soft clay & Calc. concretions 
Hard clay & Calc. concretions 
Depth range in(m) b.l.g. 
0.0-9.0 
9.0-15.0 
15.0-21.0 
21.0-24.0 
24.0-31.5 
31.5-49.5 
49.5-52.5 
52.5-64.5 
Thickness in (m) 
9.0 
6.0 
6.0 
3.0 
7.5 
18.0 
3.0 
12.0 
Sandy clay 
Hard clay 
Fine sand 
Fine to medium sand 
Medium sand 
Yellow clay 
Location : KHERIA KHWAJA B 
64.5-70.5 
70.5-79.5 
79.5-81.0 
81.0-84.0 
84.0-89.1 
89.1-90.9 
6.0 
9.0 
1.5 
3.0 
5.1 
1.8 
UDHA State Tubewell No. 77 
Lithology 
Surface clay 
Kankar pebble gravel with clay 
Silty clay loose 
1 li If _ _ 
1 Clay hard 
1 Fine to medium sand 
' Hard clay 
Kankar with clay 
Fine to medium sand 
Medium to fine sand 
Sandy clay witii loose Calc. 
concretions 
Kankar pebble with little clay 
Sillty clay with Calc. 
concretions 
Hard clay 
Hard stone boulder & pebble 
Silty clay with Calc. concretions 
Depth range in(m) b.l.g. 
0.0-2.1 
2.1-3.6 
3.6-9.0 
9.5-10.5 
10.5-17.1 
17.1-18.6 
18.6-21.9 
21.9-24.0 
24.0-31.5 
31.5-41.1 
41.1-42.6 
42.6-55.5 
55.5-69.9 
69.9-72.9 
72.9-78.0 
Thickness in (m) 
2.1 
1.5 
5.4 
1.5 
6.6 
1.5 
3.3 
2.1 
7.5 
9.6 
1.5 
12.9 
14.9 
3.0 
5.1 
Location: AJITPUR ASANA State Tubewell No. (ii) 
Lithology 
Surface clay 
Calc. concretions 
Sticky clay 
Fine sand 
Fine to medium sand 
Sticky clay 
Medium sand 
Label Calc. concretions 
Clay Calc. concretions 
Clay Bajri 
Hard clay Calc. concretions 
Lahel & Calc. concretions 
Hard clay Bajri & Calc. 
concretions 
Depth range in(m) b.l.g. 
0.0-1.8 
1.8-4.2 
4.2-6.0 
6.0-12.0 
12.0-18.9 
18.9-21.9 
21.9-35.4 
35.4-38.4 
38.4-45.0 
45.0-48.0 
48.0-54.0 
54.0-57.0 
57.0-63.0 
Thickness in (m) 
1.8 
2.4 
1.8 
6.0 
6.9 
3.0 
13.5 
3.0 
6.6 
3.0 
6.0 
3.0 
6.0 
Loose hard clay 63.0-66.0 3.0 
Location: CHHERAT State Tubewell No. 1 
Lithology 
Clay Calc. concretions 
Fine sand 
Clay Calc. concretions 
Fine sand 
Fine to medium sand 
Clay Calc. concretions 
Fine sand 
Clay 
Clay Calc. concretions 
Fine sand 
Sand stone 
Fine to medium sand 
Fine sand & sand stone 
Sand stone 
Fine sand 
Clay Calc. concretions 
Stone 
Clay and Calc. concretions 
Clay 
Mediimi sand 
Sandy clay 
Depth range in(m) b.l.g. 
0.0-3.05 
3.05-9.15 
9.15-12.20 
12.20-15.25 
15.25-18.30 
18.30-22.86 
22.86-31.70 
31.70-33.53 
33.53-39.62 
39.62-44.19 
44.19-45.72 
45.72-48.77 
48.47-50.29 
50.29-51.82 
51.82-56.39 
56.39-64.00 
64.00-65.53 
65.53-82.30 
82.30-88.39 
88.39-91.44 
91.44-97.54 
Thickness in (m) 
3.05 
6.10 
3.05 
3.05 
3.05 
4.56 
8.84 
1.83 
6.09 
4.57 
1.53 
3.05 
1.52 
1.53 
4.57 
7.61 
1.53 
16.77 
6.09 
3.05 
6.10 
Location: BHOJPUR State Tubewell No. 2 
Lithology 
Clay 
Fine sand 
Dirty fine sand 
Clay white 
Fine sand 
Good fine sand 
Medium sand and Calc. 
concretions 
Calc. concretions & clay white 
Fine sand 
Depth range in(m) b.l.g. 
0.00.3.05 
3.05-7.31 
7.31-8.23 
8.23-12.80 
12.80-15.24 
15.24-17.07 
17.07-19.20 
19.20-23.46 
23.46-91.44 
Thickness in (m) 
3.05 
4.26 
0.92 
4.57 
2.44 
1.83 
2.13 
4.26 
67.98 
Location : SAPEHARA BHANPUR State Tubewell No. 2 
Lithology 
Surface clay 
Fine to medium sand 
Clay & Calc. concretions 
Fine to medium sand 
Clay & Calc. concretions 
Medium sand 
Caving clay 
Depth range in (m) b.l.g. 
0.0-4.5 
4.5-18.0 
18.0-18.6 
18.6-24.5 
24.5-24.8 
24.8-48.2 
48.2-59.6 
Thickness in (m) 
4.5 
13.50 
0.60 
15.90 
0.30 
23.40 
11.40 
Location : AILAMPUR SUBKARA State Tubewell No. 34 
Lithology 
Yellow clay 
Yellow fine sand 
Clay & Calc. concretions 
Fine sand 
Medium sand 
Clay Calc. concretions 
Fine sand 
Clay 
Yellow fine sand 
Clay & Calc. concretions 
Depth range in (m) b.l.g. 
0.0-1.52 
1.52-6.10 
6.10-10.36 
10.36-13.41 
13.41-17.07 
17.07-21.94 
21.94-32.91 
32.91-37.06 
37.06-39.62 
39.62-64.62 
Thickness in (m) 
1.52 
4.58 
4.26 
3.05 
3.71 
4.88 
10.97 
4.15 
2.56 
25.0 
Location : HAIBATPUR State Tubewell No. 126 
Lithology 
Surface clay 
Fine sand 
Fine to medium sand 
Fine sand 
Fine to medium sand 
Sand stone 
Clay Calc. concretions 
Clay Calc. concretions with 
sandy clay 
Depth range in (m) b.l.g. 
0.0-6.10 
6.10-18.30 
18.30-36.60 
36.60-54.90 
54.90-67.10 
67.10-73.20 
73.20-85.40 
85.40-91.80 
Thickness in (m) 
6.10 
12.20 
18.30 
18.30 
12.20 
6.10 
12.20 
6.40 
Location : RAILWAY STATION, CLUB COMPOUND State Tubewell No. 1 
Lithology 
Surface clay 
Clay & Calc. concretions 
Sand, fine to medium 
Depth range in (m) b.l.g. 
0.0-6.60 
6.60-10.10 
10.10-66.72 
Thickness in (m) 
6.60 
3.50 
56.62 
Clay, yellow with Calc. 
concretions 
Medium sand 
Calc. concretions mixed with 
yellov/ clay 
Clay, yellow with Calc. 
concretions 
Gravels with yellow clay 
Gravels, etc. calcareous 
Gravel with yellow clay 
Gravels, calcareous with fine 
sand 
Clay yellow with gravels 
Clay sandy with Calc. 
concretions 
Sand fine to medium with 
gravels & very little clay 
Sand medium with gravel and 
little clay 
Clay sandy, with red calcareous 
clay 
Clay red with pisotitil iron 
Red shales with malachite in 
crustation clay, fi"actured 
66.72-99.69 
99.69-110.02 
110-02-122.97 
122.97-131.82 
131.82-172.78 
172.78-176.01 
176.01-179.21 
179.21-201.85 
201.85-269.80 
269.80-342.23 
342.23-351.66 
351-66-368.16 
368.16-375.01 
375.01-379.36 
379.36-383.26 
32.97 
10.33 
12.95 
8.85 
40.96 
3.23 
3.20 
22.64 
67.95 
72.43 
9.43 
16.50 
6.85 
4.35 
3.90 
Location : NEAR GEOGRAPHY DEPARTMENT, AMU State Tubewell No. 
Lithology 
Surface clay 
Clay with Calc. concretions 
Sand, fine 
Calc. concretions 
Sand fine 
Clay 
Sand fine 
Clay 
Sand, mediimi 
Clay 
Sand fine 
Clay 
Sand medium 
Sand coarse 
Sand coarse with indurated sand 
Sand coarse 
Depth range in (m) b.l.g. 
0.0-3.05 
3.05-12.19 
12.19-18.29 
18.29-21.34 
21.34-24.38 
24.38-30.48 
30.48-33.53 
33.53-48.77 
48.77-67.67 
67.67-79.25 
79.25-85.34 
85.34-88.39 
88.39-91.44 
91.44-100.58 
100-58.103.63 
103.63-106.68 
Thickness in (m) 
3.05 
9.14 
6.10 
3.05 
3.04 
6.10 
3.05 
15.24 
18.9 
11.58 
6.09 
3.05 
3.05 
9.14 
3.05 
3.05 
Sand medium 
Clay 
106.68-109.73 
109-73-112.78 
3.05 
3.05 
Location: CHILKAURA State Tubewell No. 160 
Lithology 
Surface clay 
Clay 
Sand, fine to medium 
Sand, mediimi 
Clay 
Sand, medium 
Clay, hard 
Clay 
Depth range in (m) b.l.g. 
0.0-6.10 
6.10-12.19 
12.19-15.24 
15.24.-33.53 
33.53-36.58 
36.58-59.44 
59.44-97.54 
97.54-121.92 
Thickness in (m) 
6.10 
6.09 
3.05 
18.29 
3.05 
22.86 
38.10 
24.38 
Location : POLICE LINE State Tubewell No. 1 
Lithology 
Clay & Calc. concretions 
Sand fine 
Sand, medium 
Clay sandy 
Sand fine to medium 
Indurated sand 
Clay 
Sand, fine 
Clay 
Sand, fine 
Sand medium 
Sand coarse 
Sand with indurated sand 
Clay, hard 
Clay, sandy with Calc. 
concretions 
Clay, hard with Calc. 
concretions 
Sand fine with indurated sand 
Clay, sandy 
Clay hard 
Depth range in (m) b.l.g. 
0.00-9.14 
9.14-12.19 
12.19-15.24 
15.24-16.76 
16.76-24.38 
24.38-27.43 
27.43-29.87 
29.87-32.61 
32.61-35.97 
35.97-39.62 
39.62-45.72 
45.72-51.32 
51.32-53.34 
53.34-60.96 
60.96-67.06 
67.06-83.82 
83.82-86.87 
86.87-91.44 
91.44-100.58 
Thickness in (m) 
9.14 
3.05 
3.05 
1.52 
7.62 
3.05 
2.44 
2.74 
3.36 
3.65 
6.10 
5.60 
2.02 
7.62 
6.10 
16.7b 
3.05 
6.57 
9.14 
Location : TALASPUR State Tubewell No. 159 
Lithology 
Surface clay 
Sand, fine 
Sand, medium 
Sand medium with indurated 
sand 
Sand fine to medium 
Depth range in (m) b.l.g. 
0.00-3.05 
3.05-12.19 
12.19-30.48 
30.48-60.69 
60.96-97.54 
Thickness in (m) 
3.05 
9.14 
18.29 
30.48 
36.58 
Location : DARAPUR State Tubewell No. 162 
Lithology 
Surface clay 
Sand, fine to medium 
Clay and Calc. concretions 
Sand fine to medium 
Clay, hard with Calc. 
concretions 
Sand fine to medium 
Sand medium with indurated 
siind 
Clay hard with Calc. 
C(mcretions 
Simd fine to mediimi 
Ciay hard with Calc. 
concretions 
Hard stone 
Clay, sandy 
Clay with Calc. concretions & 
hard stone 
Sand, fine with indurated sand 
Clay & Calc. concretions 
Sand, very fine 
Clay, Calc. concretions, label & 
stone 
Depth range in (m) b.l.g. 
0.00-7.62 
7.62-16.76 
16.76-22.86 
22.86-30.48 
30.48-37.19 
37.19-41.15 
41.15-48.77 
48.77-82.30 
82.30-91.44 
91.44-99.06 
99.06-103.63 
103.63-105.16 
105.16-108.20 
108.20-111.25 
111.25-120.40 
120.40-160.02 
160.02-243.84 
Thickness in (m) 
7.62 
9.14 
6.10 
7.62 
6.71 
3.96 
7.62 
33.53 
9.14 
7.62 
4.57 
1.53 
3.04 
3.05 
9.15 
39.62 
83.82 
Location: PIKHLAUNI State Tubewell No. 172 
Lithology 
Surface clay with Calc. 
concretions 
Clay & Calc. concretions 
Fine sand, sand stone & Calc. 
Depth range in (m) b.l.g. 
00.00-5.18 
5.18-7.62 
7.62-10.67 
Thickness in (m) 
5.18 
2.44 
3.05 
concretions 
Fine sand 
Clay & Calc. concretions 
Fine sand 
Yellow fine sand 
Fine sand 
Clay 
Fine sand and sand stone 
Fine to medium sand and sand 
stone 
Clay & Calc. concretions 
Clay & Calc. concretions 
(caving) 
Fine sand & stone 
Loose clay 
Clay & Calc. concretions 
Clay (Caving) 
Sandy clay 
Clay 
Very hard stone 
10.67-16.77 
16.77-19.82 
19.82-22.87 
22.87-25.92 
25.92-28.97 
28.97-33.54 
33.54-38.11 
38.11-49.70 
49.70-62.50 
62.50-109.76 
109.76-113.11 
113.11-138.72 
138.72-144.82 
144.82-153.97 
153.97-160.07 
160.07-166.17 
166.17-166.47 
6.10 
3.05 
3.05 
3.05 
3.05 
4.57 
4.57 
11.59 
12.80 
47.26 
3.35 
25.61 
6.10 
9.15 
6.10 
6.10 
0.3 
Location: ISANPUR State Tubewell No. 143 
Lithology 
Surface clay 
Sandy clay & Calc. concretions 
Sandy clay 
Fine to medium sand 
Clay 
Depth range in (m) b.l.g. 
0.00-6.10 
6.10-18.30 
18.30-24.40 
24.40-91.56 
91.56-95.55 
Thickness in (m) 
6.10 
12.20 
6.10 
67.16 
3.99 
Location : KHAN ALAMPUR State Tubewell No. 107 
Lithology 
Surface clay 
Clay & Calc. concretions 
Very fine sand 
Fine sand 
Good fine sand 
Clay & Calc. concretions 
Fine sand 
Fine to medium sand 
Good fme sand 
Medium sand and Bajri 
Clay and Calc. concretions 
Depth range in (m) b.l.g. 
0.00-3.05 
3.05-9.15 
9.15-12.20 
12.20-15.25 
15.25-19.82 
19.82-24.39 
24.39-36.59 
36.59-42.69 
42.69-48.79 
48.79-51.84 
51.84-57.94 
Thickness in (m) 
3.05 
6.10 
3.05 
3.05 
4.57 
4.57 
12.20 
6.1 
6.10 
3.05 
6.10 
Caving clay & Calc. concretions 
Hard clay and Calc. concretions 
57.94-60.99 
60.99-73.19 
3.05 
12.20 
Clay & hard stone 
Fine sand 
73.19-102.0 28.81 
102.0-138.0 36.0 
Location : KAMALPUR 
Lithology 
Surface clay 
Clay 
Sand clay 
Fine sand 
Medium sand 
Clay 
Fine sand witii sand stone 
Medium sand with stone 
Clay & Calc. concretions 
Yellow fine sand 
Fine sand 
Fine to medium sand 
Clay 
Fine sand 
Yellow fine sand 
Depth range in (m) b.l.g. 
0.00-6.10 
6.10-9.15 
9.15-12.20 
12.20-24.40 
24.40-38.80 
38.80-42.90 
42.90-48.80 
48.80-68.10 
68.10-79.90 
79.90-82.35 
82.35-85.0 
85.00-95.00 
95.00-106.75 
106.75-130.80 
130.80-152.00 
State Tubewell No. 111 
Thickness in (m) 
6.10 
3.05 
3.05 
12.20 
14.40 
4.10 
5.90 
19.30 
11.80 
2.45 
2.65 
10.00 
11.75 
24.05 
21.20 
Location : KHAN GARHI State Tubewell No. 163 
Lithology 
Surface clay 
Hard clay 
Very fine sand 
Fine sand 
Medium sand 
Hard clay 
Very fine sand 
Medium sand 
Yellow fine sand 
Medium sand with sand stone 
Hard clay 
Hard clay with hard stone 
Yellow fine sand 
Hard clay 
Very fine sand 
Hard clay 
Fine sand & stone 
Hard clay & hard stone 
Depth range in (m) b.l.g. 
0.00-2.44 
2.44-6.10 
6.10-9.15 
9.15-12.20 
12.20-21.35 
21.35-24.40 
24.40-27.45 
27.45-36.60 
36.60-39.65 
39.65-51.85 
51.85-67.10 
67.10-70.15 
70.15-76.25 
76.25-103.69 
103.69-106.74 
106.74-109.79 
109.79-148.0 
148.0-160.01 
Thickness in (m) 
2.44 
3.66 
3.05 
3.05 
9.15 
3.05 
3.05 
9.15 
3.05 
12.20 
15.25 
3.05 
6.10 
27.44 
3.05 
3.05 
38.21 
11.99 
:.ocation : HARDUAGANJ State Tubewell No. 
Lithology 
Surface clay 
Fine sand 
Fine to medium sand 
Clay 60 
Yellow fine sand 
Fine to medium sand 
Clav & Calc. concretions 
Fine to medium sand 
Hard stone 
Hard clay Calc. concretions 
Fine sand 
Fine to medium sand with sst 
Medium sand 
Fine to medium sand with sand 
stone 
Clay 
Medium sand 
Clay Calc. concretions 
Depth range in (m) b.l g. 
00.00-2.40 
2.40-9.00 
9.60-18.00 
18.0-21.60 
21.60-27.30 
27.30-33.60 
33.60-38.40 
38.40-47.10 
47.10-49.80 
49.80-64.20 
64.20-66.00 
66.00-69.00 
69.00-73.20 
73.20-78.00 
78.00-81.90 
81.90-91.50 
91.50-105.00 
Thickness in (m) 
2.40 
6.6 
9.0 
3.60 
5.7 
6.3 
4.8 
8.7 
2.7 
14.4 
1.8 
3.0 
4.2 
4.8 
3.9 
9.6 
13.5 
Location: JALALI State Tubewell No. 1 
Lithology 
Surface clay 
Fine sand 
Fine sand & sand stone 
Medium sand & sand stone 
Yellow fine sand 
Medium sand & Calc. 
concretions 
Clay & Calc. concretions 
Clay 
Medium sand 
Medium sand & sand stone 
Clay 
Hard stone 
Clay 
Hard stone 
Clay 
Very fine sand & sand stone 
Fine sand 
Medium sand 
Depth range in (m) b.l.g. 
00.00-3.35 
3.35-6.70 
6.70-13.41 
13.41-30.17 
30.17-33.22 
33.22-36.25 
36.25-39.32 
39.32-42.36 
42.36-45.41 
45.41-50.29 
50.29-51.51 
51.51-57.60 
57.60-60.95 
60.95-64.00 
64.00-67.05 
67.05-73.15 
73.15-76.20 
76.20-94.48 
Thickness in (m) 
3.35 
3.35 
6.44 
16.76 
3.05 
3.03 
3.07 
3.04 
3.05 
4.88 
1.22 
6.09 
3.35 
3.05 
3.05 
6.1 
3.05 
18.28 
Hard stone 
Medium sand 
Clay & Calc. concretions 
Very fine sand 
Hard caving clay 
94.48-95.40 
95.40-96.92 
96.92-121.91 
121.91-126.18 
126.18-137.15 
0.92 
1.52 
24.99 
4.27 
10.97 
APPENDIX II 
RESULTS OF MECHANICAL ANALYSIS OF THE KALI SEDIMENTS 
AND AQUIFER MATERIALS. 
Location No. 1(a) Kali (Near Mirpur) Left Bank; Depth 30 cm. 
Mesh 
No 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size in (mm) 
0 84 
0 71 
0 50 
0 35 
0 25 
0 17 
0 12 
0 08 
0 06 
-
Weight 
retained in gm 
-
0 03 
0 20 
0 85 
8 12 
17 12 
53 94 
114 
4 12 
4 0 
Weight % 
retained 
-
0 03 
0.20 
0.85 
8.14 
17.16 
54.06 
11.43 
4 13 
4.01 
Cummulative 
weight % 
retained 
-
0.03 
0.23 
1.08 
9.22 
26.38 
80.44 
91.87 
96.0 
100.0 
Commulative 
weight % 
passing 
100 
99.97 
99.77 
98 92 
90 78 
73 62 
19.56 
8.13 
4 0 
0 00 
Location No. 1(b) Kali River (Near Mirpur) Left Bank; Depth : 60 cm. 
Mesh 
No 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size in (mm) 
0 84 
071 
0 50 
0 35 
0 25 
0 17 
0 12 
0 08 
0 06 
0 06 
Weight 
retained in gm 
-
0 04 
1 38 
0 90 
4 38 
8 79 
55 74 
20 78 
4 8 
2 9 
Weight % 
retained 
-
0 04 
1 38 
0.90 
4 39 
881 
55 90 
20 84 
4 81 
2 90 
Cummulative 
weight % 
retained 
-
0,04 
1.42 
2.32 
6 71 
15 52 
71 42 
92 26 
97 07 
99.97 
Cummulative 
weight % 
passing 
100 0 
09 96 
08 58 
07 68 
03 29 
84 48 
28 58 
7.74 
2 93 
0 03 
Location No. 2(a) Kali (Near Bhabhigarh) Right Bank; Depth : 30 cm. 
Mesh 
No 
20 
25 
35 
45 
60 
80 
120 
230 
Pan 
Size in (mm) 
0 84 
071 
0 50 
0 35 
0 25 
0 17 
0 12 
0 06 
0 06 
Weight 
retained in gm 
-
0 02 
0 08 
0 65 
7 38 
20 19 
51 70 
5 23 
25 
Weight % 
retained 
-
0 02 
0 08 
0 65 
7 40 
20 26 
51 88 
5 24 
2 50 
Cummulative 
weight % 
retained 
-
0 02 
01 
0 75 
8 15 
28.41 
80.29 
97 46 
99.96 
Cummulative 
weight % 
passing 
100 0 
99 98 
99 9 
99 25 
91 85 
71 59 
1971 
2 54 
0 04 
Location No. 2(b) Kah River (Near Bhabhigarh) Right Bank; Depth : 60 cm. 
Mesh 
No 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size in (mm) 
0 84 
0 71 
0 50 
0 35 
0 25 
0 17 
0 12 
0 08 
0 06 
0 06 
Weight 
retained in gm 
-
0 03 
1 20 
0 65 
3 89 
9 46 
50 32 
18.20 
13 78 
22 
Weight % 
retained 
-
0.03 
120 
0 65 
3 90 
9.48 
50 45 
18.24 
13.82 • 
2.20 
Cummulative 
weight % 
retained 
-
0.03 
1 23 
1.88 
5.78 
15.26 
65.71 
83.95 
97.77 
99.97 
Cummulative 
weight % 
passing 
100 0 
99.97 
98 77 
98.12 
94.22 
84.74 
34.29 
16.05 
2.23 
0 03 
Location No. 3 CHUAWALI Depth 14.40 m 
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Locatioi 
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size in (mm) 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
-
iNo. 4 MAH 
Size in (mm) 
0.84 
0.71 
0.50 
0.35 
0.25 
0.!7 
0.12 
0.08 
0,06 
-
Weight 
retained in gm 
-
1.65 
0.85 
0.74 
3.90 
7.32 
38.20 
28.21 
15.34 
3.51 
RAWAL 
Weight 
retained in gm 
-
1.35 
0.87 
0.90 
3.90 
5.89 
45.18 
27.36 
9.5 
4.9 
Weight % 
retained 
-
1.65 
0.85 
0.74 
3.91 
7.34 
38.30 
28.28 
15.38 
3.52 
Weight % 
retained 
-
1.35 
0.87 
0.90 
3.90 
5.89 
45.25 
27.40 
9.51 
4.90 
Cummulative 
weight % 
retained 
-
1.65 
2.5 
3.24 
7.15 
14.49 
52.79 
81.07 
96.45 
99.97 
Cummulative 
weight % 
retained 
-
1.35 
2.22 
3.12 
7.02 
12.91 
58.16 
85.56 
95.07 
99.97 
Cummulative 
weight % 
passing 
100.0 
98.35 
97.5 
96.76 
92.85 
85.51 
47.21 
18.93 
3.55 
0.03 
Depth 15.0m 
CuffJiiulative 
weight % 
passing 
.00.0 
08.65 
97.78 
96.88 
92.98 
87.09 
41.84 
14.44 
4.93 
0.03 
Location No. 5 BHAGWAN GARHI Depth 9.0 m 
Mesh 
No 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Locatioi 
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size in (mm) 
0 84 
071 
0 50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
-
1 No. 6 PIKHJ 
Size in (mm) 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
-
Weight 
retained in gm 
-
2 48 
0 36 
0.29 
2.85 
7.29 
40.3 
25.4 
16.8 
4.01 
LAUNI 
Weight 
retained in gm 
-
0.72 
0.55 
4.68 
30.0 
24.56 
29.9 
6.63 
1.90 
0 96 
Weight % 
retained 
-
2.48 
0.36 
0.29 
2.86 
7.31 
40.38 
25.46 
16.83 
4.02 
Weight % 
retained 
-
0.72 
0.55 
4.68 
30.03 
24.58 
29.92 
6.64 
1.90 
0.96 
Cummulative 
weight % 
retained 
-
2.48 
2.84 
3.13 
5.99 
13.3 
53.68 
79.14 
95.97 
99.99 
Cummulative 
weight % 
retained 
-
0.72 
1.27 
5.95 
35.98 
60.56 
90.48 
97.12 
99.02 
99.98 
Cummulative 
weight % 
passing 
100.0 
97.52 
97.16 
96.87 
94.01 
86.7 
46.32 
20.86 
4.03 
0.01 
Depth 6.6 m 
Cummulative 
weight % 
passing 
100.0 
98.28 
98.73 
94.05 
64.02 
39.44 
9.52 
2.88 
0.98 
0.02 
Location No 7 KHAN GARHI Depth 5.7 m 
Mesh 
No 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size in (mm) 
0 84 
0 71 
0 50 
0 35 
0 25 
0 17 
0 12 
0 08 
0 06 
0 06 
Weight 
retained in gm 
-
0 28 
0 20 
0 54 
29 
4 7 
36 19 
30 77 
19 42 
4 9 
Weight % 
retained 
-
0 28 
0 20 
0 54 
2 90 
4 70 
36 22 
30 80 
19 44 
4 90 
Cummulative 
weight % 
retained 
-
0 28 
0 48 
102 
3 92 
8 62 
44 84 
75 64 
95 08 
99 98 
Cummulative 
weight % 
passing 
100 0 
99 72 
99 52 
98 98 
96 08 
91 38 
55 16 
24 36 
4 92 
0 02 
Location No 8 DHANIPUR Depth 15.0m 
Mesh 
No 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size m (mm) 
0 84 
0 71 
0 50 
0 35 
0 25 
0 17 
0 12 
0 08 
0 06 
0 06 
Weight 
retamed in gm 
-
0 34 
0 52 
0 29 
3 05 
6 57 
42 05 
32 07 
11 32 
3 5 
Weight % 
retained 
-
0 34 
0 52 
0 29 
3 05 
6 59 
42 17 
32 16 
11 35 
3 51 
Cummulative 
weight % 
retained 
-
0 34 
0 86 
1 15 
4 2 
10 79 
52 96 
85 12 
96 47 
99 98 
Cummulative 
weight % 
passmg 
100 0 
99 66 
99 14 
98 85 
95 8 
8^)21 
47 04 
14 88 
3 53 
0 02 
Location No. 9 KHAN ALAMPUR Depth 4.2 m 
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size in (mm) 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
Weight 
retained in gm 
-
0.38 
2.68 
3.66 
5.8 
6.96 
35.96 
24.06 
13.49 
6,4 
Weight % 
retained 
-
0.38 
2.69 
3.68 
5.83 
7.0 
36.18 
24.20 
13.57 
6.43 
Cummulative 
weight % 
retained 
-
0.38 
3.07 
6.75 
12.58 
19.58 
55.76 
79.96 
93.53 
99.96 
Cummulative 
weight % 
passing 
100.0 
99.62 
96.93 
93.25 
87.42 
80.42 
44.24 
20.04 
6.47 
0.04 
Location No. 10 HARDUAGANJ Depth 3.3 m 
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size in (mm) 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
-
Weight 
retained in gm 
-
0.32 
0.75 
1.5 
5.95 
7.46 
42.0 
22.45 
13.91 
5.4 
Weight % 
retained 
-
0.32 
0.75 
1.50 
5.96 
7.48 
42.10 
22.50 
13.94 
5.41 
Cummulative 
weight % 
retained 
-
0.32 
1.07 
2.57 
8.53 
16.01 
58.11 
80.61 
94.55 
99.96 
Cummulative 
weight % 
passing 
100.0 
99.68 
98.93 
97.43 
91.47 
83.99 
41.89 
19.39 
5.45 
0.04 
Location No. 11 ALLAHDADPUR Depth 4.5 m 
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Locatioi 
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size in (mm) 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
-
iNo. 12AJIT 
Size in (mm) 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
Weight 
retained in gm 
-
0.8 
0.75 
2.1 
7.90 
19.3 
40.03 
24.48 
5.84 
2.60 
PUR ASANA 
Weight 
retained in gm 
-
1.8 
1.0 
0.60 
3.80 
6.90 
39.80 
27.60 
14.40 
4.0 
Weight % 
retained 
-
0.8 
0.75 
2.10 
7.91 
19.33 
40.11 
20.52 
5.85 
2.60 
Weight % 
retained 
-
1.8 
1.0 
0.6 
3.80 
6.90 
39.83 
27.62 
14.41 
4.0 
Cummulative 
weight % 
retained 
-
0.8 
1.55 
3.65 
11.56 
30.89 
71.0 
91.52 
97.37 
99.97 
Cummulative 
weight % 
retained 
-
1.8 
2.8 
3.4 
7.2 
14.1 
53.93 
81.55 
95.96 
99.96 
Cummulative 
weight % 
passing 
100.0 
99.2 
98.45 
96.35 
88.44 
69.11 
29.0 
8.48 
2.63 
0.03 
Depth 6.6 m 
Cummulative 
weight % 
passing 
100.0 
98.2 
97.2 
96.6 
92.8 
85.9 
46.07 
18.45 
4.04 
0.04 
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APPENDIX-IV 
RAIN FALL DATA ANALYSIS OF ALIGARH RAIN GAUGE STATION 
Highest rain fall 
Lowest rain fall 
The mean of 99 years of rain fall 
The standard deviation 
The coefficient of variation 
1431.80 mm 
72.80 mm 
683.33 mm 
247.41 mm 
36.206% 
Year 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
Annual rain fall (mm) 
399.28 
620.77 
555.49 
635.25 
335.28 
659.38 
502.92 
735.83 
599.94 
625.05 
502.92 
426.21 
535.43 
737.61 
357.12 
739.39 
879.09 
204.47 
Year 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1^ 26 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
Aimual rain fall (mm) 
701.80 
499.36 
591.31 
557.78 
586.99 
690.88 
767.33 
653.54 
650.24 
380.40 
512.57 
525.52 
666.49 
568.70 
1304.03 
779.78 
709.67 
906.01 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
466.85 
431.80 
649.98 
616.96 
374.39 
1020.82 
897.12 
446.78 
594.61 
593.09 
711.70 
519.99 
892.30 
1058.41 
610.10 
649.47 
340.36 
793.49 
799.84 
791.23 
421.38 
1178.60 
590.20 
834.30 
1025.20 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1153.90 
1004.90 
1123.00 
659.90 
442.40 
789.50 
629.43 
618.00 
417.00 
569.30 
72.80 
370.80 
412.30 
697.90 
502.90 
557.80 
1306.30 
499.40 
801.80 
736.70 
794.40 
1277.20 
757.20 
923.10 
970.20 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
459.40 
1431.80 
822.00 
861.10 
675.20 
747.92 
391.40 
1994 
1995 
1996 
1997 
1998 
1999 
750.90 
686.13 
908.70 
497.80 
1006.4 
783.5 
STATISTICAL ANALYSIS OF RAINFALL DATA 
Class Interval 
0-100 
100-200 
200-300 
300-400 
400-500 
500-600 
600-700 
700-800 
800-900 
900-1000 
1000-1100 
1100-1200 
1200-1300 
1300-1400 
1400-1500 
Frequency 
(f) 
1 
0 
1 
7 
12 
19 
18 
18 
7 
4 
5 
3 
1 
2 
1 
Total= 99 
U 
-7 
-6 
-5 
-4 
-3 
-2 
-1 
0 
1 
2 
3 
4 
5 
6 
7 
U^ 
49 
:i6 
25 
16 
9 
4 
1 
0 
1 
4 
9 
16 
25 
36 
49 
Uf 
-7 
0 
-5 
-28 
-36 
-38 
-18 
0 
7 
8 
15 
12 
5 
12 
7 
-66 
U^ f 
49 
0 
25 
112 
108 
76 
18 
0 
7 
16 
45 
48 
25 
72 
49 
650 
Mean Rainfall (x) 
Standard Deviation (S.D.) 
Coefficient of variation 
Xo + C (Uf'f) 
750 + 100 (-66/99) 
750-66.66 
683.33 mm 
C V (U f^i'f) - (Vf/f)^ 
100 V (650/99)-(-66/99)^ 
100 V 6.5656 - (+0.4444) 
100^6.1212 
100x2.4741 
247.41 mm 
(S.D./Mean) x 100 
(247.41/683.33) X 100 
36.206% 
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APPENDIX - VII 
PUMP TEST DATA ON STATE TUBEWELL NO. SAB 
Static water level: 7.22 m; Constant discharge : 2461.64 l.p.m.; 
Pump started : 0740 hrs; Pump stopped: 1100 hrs; Date 21.7.68 
DRAW DOWN DATA 
Time since pumping started 
0741 
0743 
0750 
OSOO 
0815 
0830 
0845 
0900 
0916 
0930 
0945 
1002 
1015 
1030 
1046 
1055 
1100 
Depth to water (meters) 
-
13.75 
14.53 
14.58 
14.77 
14.84 
14.96 
15.08 
15.13 
15.20 
15.25 
15.18 
15.15 
15.19 
15.16 
15.12 
Pump stopped 
Remarks 
Constant discharge 
//* '/ 
'/ --, 
/ , '•• 
V O 
// r. 
'/ 
*/ ^' 
'^ -'/• 
^ /, 
f. ' / 
Discharge fluctuating 
< •> 
<- " 
../ " 
// 
1, ' ' 
RECOVERY DATA 
Time since pumping stopped 
1 
2 
Residual draw down 
2.37 
2.04 
t/t' 
2.01x10^ 
1.01x10^ 
3 
4 
5 
6 
7 
S 
9 
10 
12 
14 
16 
18 
20 
25 
30 
35 
40 
45 
56 
65 
75 
QO 
105 
120 
1.84 
1.72 
1.62 
1.54 
1.46 
1.30 
1.34 
1.31 
1.20 
1.14 
1.08 
1.02 
0.97 
0.86 
-
0.70 
-
0.60 
0.51 
0.45 
0.39 
0.32 
0.27 
0.24 
6,76x10 
5.1x10 
4.1x10 
3,43x10 
2.95x10 
2.60x10 
2.32x10 
2.10x10 
1.76x10 
1.53x10 
1.35x10 
1.21x10 
1.10x10 
9.00 
-
6.7 
-
5.44 
4.6 
4.07 
3.60 
2.20 
2.9 
2.6 
As' = 0.8 m; Q = 3544.7616 mVday 
2.30 Q 
47rAs' 
2.30x3544.7616 
4x3.16x0.8 
= 810.989 mVday 
K T/b = 810.989/28.04 = 28.922 m/day 
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